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EXECUTIVE  SUMMARY 

During  2000,  Environment  Canada  undertook  a  monitoring  program  at  a  number  of  sites  in  the  Bay  of 
Quinte.  Sediment  samples  were  collected  in  the  Bay,  and  in  tributaries  to  the  Bay,  and  were  assessed  for  a 
range  of  compounds.  At  the  mouth  of  the  Trent  River,  sediments  were  analyzed  to  determine 
concentrations  (i.e.,  the  amount  of  each  contaminant  in  a  given  weight  of  sediment)  of  poly  chlorinated 
biphenyls  (a  group  of  related  chemical  compounds  referred  to  as  PCBs),  polychlorinated  dibenzo-p- 
dioxins  and  polychlorinated  dibenzofurans  (another  group  of  chemical  compounds  referred  to  commonly 
as  "dioxins  and  furans"  or  PCDD/Fs),  as  well  as  a  number  of  other  contaminants.  Among  these 
compounds,  the  PCBs  and  PCDD/Fs  required  additional  study  due  to  their  tendency  to  be  accumulated  by 
wildlife,  including  fish  and  the  aquatic  worms,  insects  and  crustaceans  upon  which  they  feed,  and  fish- 
eating  wildlife  such  as  turtles,  herons  and  mink.  If  concentrations  are  high  enough,  both  groups  of 
substances  can  result  in  reproductive  effects  in  fish  and  fish-eating  birds  and  mammals. 

A  basic  knowledge  of  the  properties  of  PCBs  and  PCDD/Fs  is  required  in  order  to  understand  the  risks  of 
these  contaminants  to  wildlife.  These  chemicals  are  extremely  insoluble  in  water,  but  are  attracted  to 
other  organic  substances.  They  tend  to  bind  to  organic  substances,  often  termed  "organic  carbon",  in  fine- 
grained sediments,  and  also  have  an  affinity  for  fats  and  oils  in  living  organisms.  As  such,  living 
organisms  are  unlikely  to  absorb  much  PCBs  or  PCDD/Fs  from  the  water  column,  but  they  may  be 
exposed  when  benthic  ("bottom-dwelling")  organisms  burrow  within  or  consume  sediments,  and  when 
fish  and  wildlife  consume  other  organisms  that  have  these  compounds  in  their  bodies.  Once  these 
compounds  are  taken  up  into  the  tissues  of  a  living  organism,  they  tend  not  to  be  broken  down  or  excreted 
very  quickly  and  accumulate  over  time  in  a  process  termed  "bioaccumulation".  "Biomagnification" 
occurs  as  predatory  fish  and  other  wildlife  can  accumulate  tissue  concentrations  that  are  higher  than  those 
found  in  their  prey. 

PCBs  and  PCDD/Fs  are  groups  of  organic  chemical  compounds  that  share  similarities  in  structure,  and 
also  in  their  origin  as  manufactured  chemicals  or  as  by-products  of  other  industrial  processes.  Some  PCBs 
are  similar  enough  to  PCDDs  that  they  are  considered  "dioxin-like"  in  their  structure  and  properties, 
including  mode  of  toxicity.  They  are  commonly  referred  to  as  dl-PCBs.  Within  each  of  the  PCB,  PCDD 
and  PCDF  groups,  the  various  compounds  are  referred  to  as  "congeners",  which  simply  means  "related 
chemical  substances".  The  congeners  within  these  groups  differ  in  the  number  and  arrangement  of  their 
chlorine  atoms,  which  influences  their  individual  chemical  and  physical  properties  such  as  the  strength  at 
which  they  are  bound  to  sediments,  the  degree  to  which  they  bioaccumulate  and  biomagnify,  and  also 
their  relative  toxicity  to  various  wildlife.  Studies  of  ecological  risk  therefore  strive,  to  the  extent  possible, 
to  characterize  the  relative  occurrence  and  resulting  contribution  to  risk  represented  by  each  compound  in 
order  to  derive  an  overall  risk  to  wildlife.  This  is  accomplished  by  "weighting"  or  using  a  factor  that 
expresses  the  known  toxicity  of  each  compound  relative  to  a  standard.  The  standard  is  the  most  toxic 
dioxin  congener,  called  2,3,7,8-TCDD.  Relative  toxicity  is  expressed  as  "toxic  equivalents"  or  "TEQ", 
with  2,3,7,8-TCDD  set  at  a  factor  of  1,  and  the  other  compounds,  including  dl-PCBs  and  the  PCDD/Fs  as 
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some  fraction  of  1 .  The  estimated  toxicity  of  a  given  mixture  of  these  compounds  is  therefore  a  simple 
summation  of  the  TEQ-adjusted  concentrations  of  the  congeners  that  are  present.  It  should  also  be 
understood  that  differences  exist  among  groups  and  species  of  wildlife  in  their  sensitivity  to  these 
compounds.  Studies  of  ecological  risk  therefore  also  tend  to  focus  on  those  wildlife  species  that  are  most 
exposed  and  most  sensitive  in  order  to  avoid  underestimating  potential  risks. 

Dioxin  and  furan  concentrations  in  the  sediments  at  the  mouth  of  the  Trent  River  were  found  to  be  higher 
than  elsewhere  in  the  Bay,  and  in  some  samples  exceeded  available  guidelines.  Similarly,  sediment 
concentrations  of  some  dl-PCBs  were  also  elevated  in  sediments  in  the  lower  Trent  River.  As  such, 
further  study  was  required  to  determine  the  extent  and  severity  of  the  contaminated  sediments  and  the 
degree  to  which  wildlife  are  exposed  to  and  accumulate  dl-PCBs  and  PCDD/Fs. 

Follow-up  studies  were  conducted  in  2001,  2004,  2005  and  2006  by  both  the  Ontario  Ministry  of  the 
Environment  (MOE)  and  Environment  Canada.  These  studies  further  documented  the  extent  of  sediment 
contamination,  and  also  measured  uptake  of  these  substances  by  fish  and  mayflies  through  the  chemical 
analysis  of  tissue  concentrations.  The  investigations  revealed  that,  in  the  lower  Trent  River,  sediment 
deposits  were  limited  to  protected  embayments  at  the  margins  of  the  river,  and  at  the  mouth  of  the  river, 
east  of  the  main  channel  adjacent  to  Centennial  Park.  The  main  river  channel  is  scoured  such  that  fine- 
grained sediments  have  not  accumulated  there,  leaving  harder,  rocky  substrates  that  do  not  accumulate 
contaminants  such  as  PCBs  and  PCDD/Fs.  It  also  appeared  that  much  of  the  sediment  transport  of  the 
river  that  was  not  deposited  locally  in  protected  embayments  along  the  lower  River  or  in  depositional  bars 
at  the  mouth  was  likely  carried  out  to  settle  in  the  open  water  areas  of  the  Bay  of  Quinte.  Therefore, 
sediment  accumulation  in  the  lower  river  and  at  the  mouth  was  confined  to  specific  localized  areas,  and 
was  not  uniformly  distributed  within  the  river.  Since  fish  and  other  aquatic  life  in  these  areas  could  be 
exposed  to  higher  concentrations  of  these  substances,  these  areas  formed  the  focus  of  the  assessment  of 
ecological  risk. 

The  Environment  Canada  and  MOE  investigations  showed  that: 

•  Water  concentrations  of  PCDD/Fs  and  dl-PCBs  were  very  low,  and  in  most  cases  were  below 
analytical  detection  limits.  Low,  but  detectable,  concentrations  of  some  of  the  more  highly 
chlorinated  dioxin  and  furan  congeners  were  measured  in  water  downstream  of  suspected 
sources.  Caged  mussels,  deployed  to  study  the  occurrence  of  water-borne  contaminants,  also 
accumulated  the  higher-chlorinated  compounds  to  higher  levels  in  these  areas. 

•  Sediment  concentrations  of  PCDD/Fs  increased  in  the  lower  Trent  River  compared  to  upstream 
areas,  with  the  largest  increase  in  the  higher-chlorinated  congeners.  It  was  also  noted  that 
concentrations  of  the  higher-chlorinated  congeners  increased  significantly  with  depth.  By 
contrast,  the  lower-chlorinated  congeners,  and  the  dl-PCBs  showed  only  moderate  increases  in 
sediment  concentrations. 

•  Benthic  organisms  from  the  sediment  depositional  areas  showed  little  measurable  response  to 
elevated  levels  of  PCDD/Fs  or  dl-PCBs,  either  as  changes  in  community  structure  or  as  direct 
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toxicity.  However,  benthic  organisms  were  accumulating  PCDD/Fs  and  dl-PCBs,  and  could  be  a 
source  of  exposure  to  species  feeding  on  these  organisms.  Furthermore,  compared  to  other 
locations,  where  PCDD/F  accumulation  accounted  for  0%,  the  data  indicate  there  is  a  source  of 
PCDD/Fs  in  the  Trenton  area 

•  Young-of-the-year  and  adult  fish  had  accumulated  PCDD/Fs  and  dl-PCBs  in  their  tissues.  Both 
young  fish  and  adult  fish  generally  had  higher  concentrations  in  tissues  of  the  lower-chlorinated 
congeners  compared  to  the  higher-chlorinated  congeners. 

•  Snapping  turtle  eggs  collected  near  the  mouth  of  the  Trent  River  had  higher  concentrations  of 
PCDD/Fs  and  dl-PCBs  than  those  collected  in  other  areas  within  the  Trent  River  and  Bay  of 
Quinte.  Furthermore,  compared  to  other  locations,  where  PCDD/F  accumulation  accounted  for 
0%,  the  data  indicate  there  is  a  source  of  PCDD/Fs  in  the  Trenton  area. 

As  a  result  of  these  findings,  an  assessment  of  the  risks  that  these  substances  posed  to  both  aquatic 
organisms  that  would  be  in  direct  contact  with  sediment  sources,  as  well  as  terrestrial  wildlife  (e.g., 
reptiles,  birds  and  mammals)  that  consume  aquatic  species  was  undertaken.  The  assessment  was 
conducted  through  the  formalized  steps  of  an  Ecological  Risk  Assessment,  which  are: 


• 


• 


Assessment  Methodology,  which  includes  development  of  management  goals,  identification  of  the 
contaminants  of  concern  (COCs),  and  identification  of  measurement  endpoints. 

Problem  Formulation,  which  consists  of  characterizing  the  occurrence  and  concentrations  of  the 
contaminants  of  concern  and  the  potential  receptors  (i.e.,  those  species  that  could  be  exposed  to 
the  COCs). 

Conceptual  Model,  which  uses  the  information  from  the  Problem  Formulation  step  to  delineate 
the  potential  pathways  of  exposure  (e.g.,  direct  contact,  ingestion  of  sediments,  ingestion  of 
contaminated  prey,  etc.)  for  the  receptors  for  each  of  the  compounds  of  concern. 

•  Fate  and  Transport,  which  considers  the  physical  and  chemical  processes  that  can  affect  the 
chemical  composition  and  biological  availability  (i.e.,  degree  of  uptake)  of  the  compounds  of 
concern. 

•  Exposure  Assessment,  which  determines  the  degree  of  potential  exposure  of  the  receptors  to  the 
compounds  of  concern  (e.g.,  the  extent  to  which  they  frequent  contaminated  areas,  may  consume 
contaminated  prey,  etc.). 

•  Effects  Assessment,  which  is  an  amalgam  of  the  fate  and  transport  of  the  compounds  of  concern 
(COCs),  and  the  exposure  of  the  receptors,  within  defined  endpoints  designed  to  protect  the 
identified  receptors. 

•  Risk/Effects  Characterization,  which  translates  the  exposure  and  effects  assessments  into 
predictions  of  risks  that  can  then  be  used  to  derive  acceptable  concentrations  of  the  COCs  that 
may  then  be  used  as  remediation  targets. 

The  management  goal  was  considered  to  be  the  protection  of  the  aquatic  communities  of  the  lower  Trent 
River  and  Bay  of  Quinte,  including  downstream  areas  that  may  have  been  affected  by  re-suspension  of 
sediments  in  primary  deposition  areas  and  subsequent  transport  by  water  currents.  The  goal  includes  not 
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only  those  organisms  directly  exposed  to  sediment  sources,  but  also  those  that  feed  upon  contaminated 
prey.  As  such,  the  risk  assessment  is  conducted  with  respect  to  this  broad  and  comprehensive  goal. 

Review  of  existing  studies  by  MOE  and  Environment  Canada  identified  PCDD/Fs  and  dl-PCBs  as 
contaminants  of  concern  (COCs)  at  the  majority  of  sites  within  the  lower  Trent  River  study  area  due  to 
exceedances  of  available  guidelines. 

The  assessment  was  conducted  by  predicting  the  exposure  of  local  species  to  the  dioxins  and  furans  and 
dl-PCBs.  Only  those  aquatic  and  terrestrial  species  that  could  reasonably  be  exposed  to  the  COCs  were 
considered  as  potential  receptors.  Benthic  organisms  and  young  fish  are  present  throughout  the  study  area, 
and  corresponding  tissue  residues  indicated  exposure  to  and  uptake  of  PCDD/Fs  and  dl-PCBs.  Terrestrial 
biota  were  not  considered  likely  to  be  directly  exposed  to  sediment  sources  of  the  COCs,  but  were 
considered  to  be  exposed  through  ingestion  of  contaminated  food,  such  as  benthic  invertebrates  and  fish. 

The  aquatic  species  considered  as  receptors  were: 

•  Midge-fly  larvae  (chironomids)  and  aquatic  worms  (oligochaetes)  which,  while  not  considered 
sensitive  to  toxic  effects  of  PCDD/Fs  or  PCBs,  are  known  to  accumulate  these  substances  in  their 
tissues,  and  can  transfer  these  to  higher  levels  in  the  food  web  since  they  are  an  importance  food 
source  for  higher  predators  such  as  fish.  These  organisms  comprise  the  majority  of  the  benthic 
invertebrate  community  at  most  of  the  study  area  locations  that  were  sampled  and  therefore  are 
both  present  and  highly  exposed; 

•  Young-of-the-year  (YOY)  yellow  perch  inhabit  the  shallow,  protected  and  productive  areas  along 
the  banks  and  within  embayments  at  the  mouth  of  the  Trent  River.  They  feed  primarily  on 
invertebrates  and  can  accumulate  PCDD/Fs  and  PCBs  from  their  prey  and  pass  them  on  to 
predators  including  larger  fish  and  fish-eating  birds  and  mammals.  They  are  similar  in  this  regard 
to  many  other  small-bodied  fishes,  such  as  minnows  and  shiners,  so  YOY  yellow  perch  are 
considered  a  good  surrogate  forage  fish  species; 

•  Yellow  perch  is  a  common  resident  fish  that  is  present  in  all  life  stages  within  the  study  area, 
including  those  beyond  the  early  YOY  stage.  Yellow  perch  consume  invertebrates  and  fish,  from 
which  it  may  accumulate  COCs.  As  even  larger  juvenile  and  adult  perch  can  be  common  prey  of 
larger  fish  and  fish-eating  birds  and  mammals,  yellow  perch  is  considered  a  suitable  receptor; 

•  Brown  bullhead  is  a  common  resident  fish  that  is  present  in  all  life  stages  within  the  study  area.  It 
is  a  bottom  feeder  on  invertebrates,  vegetation  and  small  fish.  Since  small  bullhead  are  a  common 
prey  item,  bullhead  is  also  considered  a  suitable  receptor. 


The  terrestrial  species  selected  as  receptors  were: 

•  Mallard,  which  is  surface-feeding  or  "dabbling"  duck  species,  that  feeds  in  shallow  areas  of 
wetlands  and  the  quiet  weedy  margins  of  rivers  and  lakes.  The  mallard  diet  includes  natural  and 
cultivated  plant  material,  and  aquatic  invertebrates,  which  make  up  a  considerable  proportion  of 
the  diet  and  constitute  the  primary  dietary  exposure  to  these  substances. 


• 


Common  Merganser,  which  is  considered  a  "fish  duck"  and  feeds  primarily  on  small  fish,  though 
invertebrates,  frogs,  small  mammals  and  birds  are  also  consumed.  As  such  the  exposure  of  the 
merganser  would  be  through  consumption  of  fish  from  the  area. 
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•  Great  Blue  Heron,  which  forages  by  wading  and  stalking  fish  in  the  shallows  of  streams,  rivers, 
lakes  and  wetlands,  making  use  of  its  long  legs  to  search  water  up  to  0.5  meters  depth.  Great  blue 
heron  diet  includes  invertebrates,  fish,  amphibians  (e.g.,  frogs  and  tadpoles),  and  small  reptiles, 
birds  and  mammals.  Within  the  study  area,  it  is  considered  that  great  blue  heron  foraging  would 
be  focused  on  the  abundant  small  fish.  The  heron  would  be  indirectly  exposed  to  sediment-borne 
contaminants  through  the  consumption  of  small  fish. 

•  Double-crested  Cormorant,  which  feeds  mainly  on  yellow  perch  and  other  small-bodied  fish, 
depending  on  local  availability. 


• 


Mink,  which,  while  an  opportunistic  predator,  is  known  to  concentrate  on  fish  and,  to  a  lesser 
extent,  crayfish,  in  some  instances. 

The  exposure  of  the  aquatic  and  terrestrial  receptors  was  assessed  by  estimating  the  uptake  and  tissue 
accumulation  of  the  COCs.  The  estimates  were  based  on  a  combination  of  direct  measurement  of  tissue 
residues  in  some  receptor  species,  and  predicted  uptake  and  accumulation  based  on  Biota-Sediment 
Accumulation  Factors  (BSAFs),  or  predicted  daily  doses,  in  the  remainder.  The  estimates  were  calculated 
using  standard  equations  provided  by  agencies  such  as  Environment  Canada  (through  the  Canadian 
Council  of  Ministers  of  the  Environment  or  CCME)  and  the  U.S.  Environmental  Protection  Agency. 

Benthic  Organisms 

Environment  Canada  conducted  sediment  bioassay  tests,  in  which  test  organisms  are  exposed  under 
controlled  laboratory  conditions  to  sediments  collected  within  the  study  area.  Test  organisms  were 
representative  of  some  of  the  common  groups  of  benthic  invertebrates  known  from  the  area  and  included 
aquatic  worms  (oligochaetes),  scud  (small  shrimp-like  crustaceans  also  called  "amphipods"),  burrowing 
mayfly  nymphs  (aquatic  life  stage,  also  called  "naiads",  of  a  large  and  common  mayfly  species),  and 
immature  midge-fly  larvae  (aquatic  life  stage  of  a  large  species  and  common  species  of  these  insects  that 
are  also  known  as  "chironomids").  These  test  species  were  used  to  determine  if  the  sediments  were 
directly  toxic  to  benthic  organisms.  Of  the  four  species  tested,  the  only  measurable  response  was  a 
reduction  in  egg  hatching  in  the  oligochaetes. 

Literature  studies  indicate  benthic  organisms  lack  the  biochemical  mechanisms  through  which  effects  on 
PCDD/Fs  and  dl-PCBs  are  manifested.  These  studies  indicate  benthic  organisms  can  tolerate  high 
concentrations  without  adverse  effects. 

Fish 

The  large  body  of  information  available  on  the  effects  of  dioxins  and  furans  and  dl-PCBs  on  fish  indicates 
that  eggs  and  embryos  are  the  most  sensitive  life  stages.  Therefore,  tissue  residues  of  COCs  that  could 
have  a  direct  effect  on  the  adult  fish,  or  that  could  affect  the  survival  and  development  of  eggs  and 
embryos  were  considered  as  the  best  indicators  of  potential  effects.  Tissue  concentrations  offish  caught  in 
or  around  the  lower  Trent  River  were  compared  to  toxicity  benchmarks  (referred  to  as  Toxicity  Reference 
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Values)  derived  from  other  studies.  A  number  of  benchmarks  were  used  to  provide  a  weight-of-evidence 
approach.  The  benchmarks  used  for  assessing  fish  exposure  were: 

•  a  no  effect  level  (also  called  a  "No  Observed  Adverse  Effect  Level  and  abbreviated  "NOAEL") 
of  1.8  pg  TEQ/g  wet  weight  (w.w.)  in  food  based  on  effects  on  rainbow  trout; 

•  a  NOAEL  of  30  pg  TEQ/g  w.w.  in  fish  tissue  derived  for  lake  trout,  which  was  the  most  sensitive 
species;  and 

•  a  NOAEL  of  30  pg  TEQ/g  w.w.  in  young  fish  tissues  that  were  predicted  from  adult  tissue 
residues  assuming  that  1 00%  and  40%  of  the  maternal  tissue  residues  was  transferred  to  eggs  and 
embryos. 

The  assessment  of  potential  risks  to  adult  fish  was  assessed  against  the  benchmark  for  dietary  exposure. 
The  assessment  noted  that  there  were  potential  exceedances  of  the  NOAEL  of  1.8  pg  TEQ/g  w.w.  in  food 
(in  this  case  represented  by  mayfly  tissues)  throughout  the  area,  and  indicated  that  concentrations  of 
dioxins  and  furans  and  dl-PCBs  in  food  sources  such  as  mayflies  and  young  fish  could  present  potential 
risks  to  some  sensitive  fish  species.  The  assessment  of  potential  risks  to  developing  eggs  and  embryos 
indicated  that  concentrations  in  fish  tissues  were  well  below  levels  that  could  result  in  adverse  effects. 

Fish-eating  Birds  and  Mammals 

Risks  to  terrestrial  wildlife  were  assessed  entirely  through  consumption  of  prey  items  potentially 
contaminated  with  dioxins  and  furans  and  dl-PCBs,  because  of  the  very  low  likelihood  of  direct  exposure 
of  these  species  to  sediment  sources  based  on  their  foraging  habits.  In  birds,  similar  to  fish,  the  eggs  and 
embryos  have  also  been  identified  as  the  most  sensitive  life  stage. 

Three  methods  were  used  for  assessing  exposure  and  risk: 

•  Concentrations  in  young-of-the-year  fish  were  used  to  predict  exposure  of  eggs  using  an  exposure 
factor  of  31.3; 

•  A  species-specific  tolerable  daily  intake  (TDI)  was  calculated  based  on  the  CCME  approach;  and 


• 


Daily  dose  from  feeding  on  fish  from  the  site,  using  an  equation  developed  by  the  CCME  and 
U.S.  EPA. 


Conservative  assumptions  were  used  to  predict  exposure  and  risks  to  birds  and  mammals: 

•  Receptors  were  assumed  to  consume  fish  and/or  benthic  invertebrates  exclusively  from  each  of 
the  sub-areas  (i.e.,  maximum  exposure  to  each  site  was  assumed,  without  the  influence  of 
foraging  in  less-contaminated  nearby  areas); 

•  Receptors  were  considered  to  be  present  during  the  entire  ice-free  period  (i.e.,  maximum 
residency  was  assumed,  without  accounting  for  migratory  behaviour  which  could  reduce  actual 
presence  and  feeding  in  the  area); 
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• 


Tissue  residue  data  for  benthos  and  fish  from  each  sub-area  were  used  as  the  input  parameters 
(i.e.,  maximum  exposure  to  contaminated  prey  from  each  area  was  assumed,  rather  than 
averaging  the  concentrations  of  COCs  within  prey  over  a  wider  area); 

The  accumulation  of  individual  congeners  was  calculated  for  YOY  yellow  perch  and  mayflies 
from  which  total  TEQs  were  calculated  (i.e.,  detailed  site-specific  calculations  of  COC  mixtures 
and  their  relative  toxicity  were  used  to  characterize  food  organisms); 

TEQs  for  individual  receptor  groups  (i.e.,  fish,  birds  and  mammals)  were  used  (based  on  World 
Health  Organization  (WHO)); 

Potential  effects  were  assessed  against  NOAEL  benchmarks  (i.e.,  "no  effect"  levels  rather  than 
attempting  to  define  some  acceptable  measurable  level  of  effect). 

Potential  risks  to  aquatic  species  were  based  on  direct  measurement  of  tissue  concentrations  of  the  dioxins 
and  furans  and  dl-PCBs.  The  tissue  residues  were  compared  directly  to  toxicity  reference  values  (TRVs) 
derived  from  published  scientific  studies. 

The  results  of  the  assessment  indicated  that: 

•  Mallards  were  at  negligible  risk  in  all  areas.  The  exposure  of  mallards  to  the  dioxins  and  furans 
and  dl-PCBs  was  generally  lower  than  for  the  other  bird  species,  and  likely  reflects  the  relatively 
lower  concentrations  of  these  substances  in  invertebrate  tissues  as  compared  to  the  concentrations 
in  young  fish. 


• 


Mergansers  were  at  negligible  risk  through  consumption  of  fish  from  the  area.  Predicted 
exposures  were  below  the  NOAEL  concentrations,  and  since  conservative  assumptions  were  used 
in  assessing  exposure,  there  is  high  confidence  in  the  results. 

•  Great  Blue  Herons  were  at  negligible  risk  under  all  three  methods  of  assessment.  Thus,  the 
weight  of  evidence  suggests  that  risk  to  herons  or  similar  fish-eating  bird  species  are  likely  to  be 
negligible. 

•  Double-crested  Cormorants  were  at  negligible  risks  in  all  three  methods  of  assessment,  and  there 
were  no  expected  effects  on  cormorants  through  exposure  to  either  PCDD/Fs  or  dl-PCBs  in  any 
of  the  sub-areas  considered. 

•  Mink  were  considered  at  negligible  risk  in  all  areas. 

In  addition  to  these  assessments,  a  simulation  was  performed  to  assess  potential  exposures  that  would 
occur  if  surficial  sediments,  which  were  generally  lower  in  contaminant  concentrations,  were  eroded, 
exposing  the  more  contaminated  deeper  layers.  For  this  assessment,  the  highest  concentrations  of  dioxins 
and  furans  at  each  location  were  used  to  model  exposure  of  the  receptor  species  in  a  conservative  manner 
that  would  maximize  potential  risk.  Similar  to  existing  conditions,  however,  the  simulation  found  that 
risks  to  all  receptors  were  below  the  benchmarks. 

In  addition  to  the  risk  assessment,  the  study  also  considered  the  risk  posed  by  ongoing  sources  of  COCs  to 
the  Trent  River.  Specifically,  the  study  reviewed  the  results  of  MOE  and  Environment  Canada  analysis  of 
sediment  trapped  in  silt  curtains  installed  below  the  Domtar  site,  which  indicated  that: 
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•  Toxicity  to  benthic  organisms  (up  to  100%)  was  observed  in  these  sediments  in  laboratory 
sediment  bioassay  tests. 

•  Sediment  analysis  indicated  high  concentrations  of  PAHs  and  PCDD/Fs  in  the  samples.  Either 
could  be  toxic  to  biota. 

•  Although  steps  have  been  taken,  sources  of  these  substances  to  the  river  have  not  been  completely 
controlled,  and  release  of  potentially  deleterious  substances  is  still  occurring;  and 

•  Effects  downstream  were  reduced  due  to  dilution. 

The  study  made  the  following  recommendations  based  on  the  outcomes  of  the  risk  assessment: 

•  The  assessment  of  potential  impacts  from  substances  that  have  already  been  released  to  the  Trent 
River  and  Bay  of  Quinte  indicates  that  there  are  negligible  risks  to  biota  from  existing 
concentrations  in  the  sediment,  due  mainly  to  the  low  bioavailability  of  these  substances  to  biota. 
The  negligible  risks  were  estimated  based  on  conservative  assumptions  that  exaggerate  the 
exposure  of  receptor  species  to  the  COCs.  As  a  result,  there  is  no  justification  for  removal  of  the 
sediment  depositional  areas,  at  this  time.  The  immediate  priority  should  be  placed  on  ongoing 
source  control/reduction,  where  possible.  Should  sources  of  PCDD/F  contamination  increase,  or 
not  show  significant  reduction  in  the  future,  an  updated  ecological  risk  assessment  and/or  a 
sediment  remediation  assessment  should  be  considered. 

•  Loss  to  the  environment  of  potentially  toxic  substances  (including  Tier  1  substances  listed  under 
the  Canadian  Environmental  Protection  Act  (CEPA))  is  on-going.  These  substances  are  being 
broadly  distributed  in  downstream  areas,  including  the  Bay  of  Quinte,  with  potential  exposure  of 
large  receptor  populations.  This  underlines  the  importance  of  implementing  additional  source 
control  and  monitoring  its  effectiveness.  Reductions  in  COC  concentrations  in  the  silt  curtains 
downstream  of  the  Domtar  site  would  be  a  key  monitoring  objective  directly  related  to  source 
control  measures. 


• 


The  available  data  also  indicate  that  the  full  extent  of  contaminant  distribution  in  the  western  Bay 
of  Quinte  has  not  been  delineated.  The  strong  river  flows,  and  the  few  areas  sampled  in  the  Bay 
of  Quinte  suggest  there  is  likely  to  be  broad  dispersion  of  these  substances  in  the  Bay.  As 
predatory  species  tend  to  forage  over  ranges  larger  than  the  sediment  depositional  areas  that  were 
the  focus  of  the  EC  and  MOE  studies  and  this  risk  assessment,  contamination  in  the  wider  area  is 
likely  to  be  a  source  of  COCs  to  fish  and  wildlife  receptors.  Potential  risks  have  therefore  been 
assessed  on  very  limited  data,  and  additional  delineation  would  be  warranted  to  verify  the 
predictions  of  risk  to  biota  and  to  support  any  future  evaluations  of  the  effectiveness  of  remedial 
options  such  as  sediment  removal. 
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1.0        INTRODUCTION 

In  1972,  in  order  to  provide  a  co-ordinated  approach  to  addressing  environmental  concerns  in  the  Great 
Lakes,  the  Canadian  and  U.S.  governments  signed  the  Great  Lakes  Water  Quality  Agreement.  The 
original  Agreement  focused  on  phosphorus  and  associated  problems  regarding  eutrophication.  In  1978, 
the  Agreement  was  revised  to  focus  on  toxic  compounds,  and  promoted  an  ecosystem  approach  to 
addressing  water  quality  concerns.  The  1978  Great  Lakes  Water  Quality  Agreement  was  amended  by 
Protocol  signed  in  November  1987,  and  contained  a  number  of  additional  provisions,  including  Annex  2 
and  Annex  14,  which  committed  both  parties  to  undertake  action  to  remedy  areas  of  contaminated 
sediments. 

In  1985,  based  on  recommendations  by  the  states  and  provinces,  the  Water  Quality  Board  of  the 
International  Joint  Commission  (IJC)  identified  44  areas  in  the  Great  Lakes  where  contaminant  concerns 
existed.  These  Areas  of  Concern  formed  the  priorities  for  environmental  actions.  The  original  listing  of 
areas  as  Areas  of  Concern  was  based  on  a  list  of  14  designated  beneficial  use  impairments.  While  these 
noted  the  major  area  of  environmental  impairment  in  each  of  the  Areas  of  Concern,  they  also  identified 
the  issues  that  would  need  to  be  addressed  for  the  area  to  be  de-listed  as  an  Area  of  Concern.  In  many  of 
these  areas,  contaminated  sediments  were  identified  as  one  of  the  causes  of  the  use  impairments.  The 
implementation  of  source  controls  at  many  of  the  Areas  of  Concern  has  resulted  in  contaminated 
sediments  now  being  the  primary  source  of  contaminants,  and  in  some  cases,  the  only  impediments  to  de- 
listing of  these  areas. 

In  their  1985  report,  the  IJC  Water  Quality  Board  identified  a  number  of  use  impairments  in  the  Bay  of 
Quinte  that  formed  the  basis  of  the  listing  of  the  site  as  an  Area  of  Concern  in  the  Great  Lakes. 
Contaminated  sediments  were  identified  as  a  factor  contributing  to  the  list  of  Beneficial  Use  Impairments 
for  the  Bay. 

As  a  result,  monitoring  programs  have  been  undertaken  in  the  Bay  to  assess  conditions  within  the  AOC, 
with  a  view  to  ultimately  de-listing  the  Bay  as  an  Area  of  Concern. 

In  2001,  a  monitoring  program  undertaken  by  Environment  Canada  at  a  number  of  sites  in  the  Bay 

included  assessment  of  sediment  for  a  range  of  organic  compounds,  including  PCBs  and  polychlorinated 

dibenzo-p-dioxins  and  polychlorinated  dibenzofurans  (these  are  simply  referred  to  as  dioxins  and  furans 

or  PCDD/Fs  in  this  report),  as  well  as  a  number  of  other  contaminants  in  sediments  from  the  mouth  of  the 

Trent  River.  Dioxin  and  furan  concentrations  in  the  sediments  at  the  mouth  of  the  Trent  River  were  found 

to  be  higher  than  elsewhere  in  the  Bay,  and  in  some  samples  exceeded  CCME  guidelines  (CCME  CSQG 

PEL).   Similarly,  sediment  concentrations  of  mono-ortho-  and  non-ortho-substituted  PCB  congeners 

(referred  to  throughout  this  report  as  'dioxin-like'  PCBs  or  dl-PCBs  due  to  the  similar  mode  of  toxic 

action  of  these  compounds  to  dioxins),  were  also  elevated  in  sediments  in  the  lower  Trent  River,  and 

exceeded  the   CCME   CSQG  PEL   for  dioxins   and  furans  when  calculated  on  the  basis   of  toxic 

equivalencies  (TEQ)  to  2,3,7,8-TCDD.  Elevated  concentrations  of  a  limited  number  of  metals,  PCBs  and 

PAHs  were  also  noted  at  some  sites.  The  exceedances  of  guidelines  suggested  that  there  was  a  potential 
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environmental  concern  with  regards  to  exposure  of  biota  to  these  substances.  The  study  area  is  shown  on 
Figure  1,  while  the  lower  Trent  River  and  adjacent  Bay  of  Quinte  are  shown  in  detail  on  Figure  2  and  3. 

Follow-up  studies  were  conducted  in  2001,  2004,  2005  and  2006  by  both  the  Ontario  Ministry  of  the 
Environment  (MOE)  and  Environment  Canada.  In  addition,  a  human  health  risk  assessment  was 
conducted  by  Dillon  Consulting  in  2006  to  address  recreational  exposure  to  contaminated  sediments,  but 
the  risk  assessment  did  not  address  human  exposure  through  ingestion  of  potentially  contaminated  fish 
since  this  is  addressed  through  fish  consumption  advisories. 

The  study  by  Dillon  concluded  that  there  are  no  predicted  effects  on  human  recreational  users  of  the  area. 
However,  the  potential  risks  to  non-human  biota  are  largely  unknown.  Since  the  Bay  of  Quinte  supports  a 
large  fishery  that  is  the  focus  of  intense  angling  activity,  the  potential  for  sport  fish  to  be  exposed  to,  and 
accumulate,  dioxin/furan  compounds  in  their  tissues  was  of  particular  concern. 

Therefore,  in  order  to  develop  an  appropriate  management  strategy  for  the  area,  the  MOE,  at  the  request 
of  the  Trent  River  Mouth  Investigation  Steering  Committee,  has  undertaken  the  current  project  to  further 
an  understanding  of  the  potential  environmental  effects  of  these  contaminants  in  sediments.  The  focus  of 
these  investigations  is  to  summarize  the  existing  information  on  contaminated  sediments  at  the  mouth  of 
the  Trent  River,  assess  the  potential  risks  posed  by  these  contaminants  to  aquatic  biota,  and  in  the  case  of 
biomagnifying  compounds,  on  the  terrestrial  biota  that  feed  on  aquatic  biota,  and  provide 
recommendations  on  management  actions  to  address  any  identified  risks. 

1.1         Terms  of  Reference 

The  MOE  has  identified  two  objectives  to  be  addressed: 

1.  To  assess  the  significance  of  the  risk  to  aquatic  life  as  a  result  of  exposure  to  elevated  levels  of 
dioxins  and  furans,  dioxin-like  PCBs  and  other  potential  chemicals  of  concern  found  in  sediments 
in  the  study  area;  and 

2.  To  assess  long  term  risks  to  biota,  assuming  that  full  source  control  cannot  be  implemented  in  the 
immediate  future. 

The  current  study  has  been  undertaken  to  address  these  objectives  through  an  assessment  of  the  current 
conditions  in  the  sediments  in  the  lower  Trent  River  and  Trent  River  mouth,  and  to  assess  the  risks 
presented  by  the  contaminants  that  have  been  identified  in  these  sediments  using  existing  studies.  The 
specific  components  of  the  work  are  addressed  in  the  following  sections: 

•  Section  2  provides  an  overview  of  existing  studies  undertaken  by  Environment  Canada  and  the 
MOE  in  the  lower  reaches  and  mouth  of  the  Trent  River,  and  adjacent  areas  of  the  Bay  of  Quinte. 
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• 


Section  3  identifies  contaminants  of  concern  (COCs)  and  the  aquatic  and  terrestrial  biota  that 
could  be  exposed  and  are  therefore  considered  as  receptors.  This  section  describes  the  assessment 
process,  and  the  assumptions  used. 

Section  4  provides  an  assessment  of  exposure,  identifies  the  toxicity  reference  values  or 
benchmarks  used  in  the  assessment,  and  considers  potential  risks. 

•  Section  5  considers  potential  long-term  accumulation  of  the  COCs  in  fish  species. 

•  Section  6,  summarizes  the  findings  of  the  risk  assessment. 

•  Section  7  provides  recommendations,  based  on  the  conclusions  of  the  risk  assessment. 
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2.0  BACKGROUND  REVIEW 

2.1  Recent  Site  Investigations 

The  Bay  of  Quinte  Area  of  Concern  includes  the  urban  areas  of  Trenton  and  Belleville  in  the  western  end 
of  the  Bay.  The  watersheds  draining  through  these  centres,  such  as  the  Trent  River  in  Trenton  and  the 
Moira  River  in  Belleville,  have  been  identified  as  sources  of  contaminants  to  the  Bay.  Subsequent 
investigations  have  found  that  the  PCDD/F  contamination  is  confined  to  the  lower  reaches  of  the  Trent 
River,  primarily  within  the  Trenton  urban  area,  and  suggests  local  sources  as  the  origins  of  the 
contamination. 

In  2000,  sediment  samples  collected  by  Environment  Canada  identified  PCDD/Fs  as  well  as  other 
contaminants  in  the  sediments  at  the  mouth  of  the  Trent  River  in  Trenton,  Ontario.  Since  then  a  number  of 
investigations  have  been  undertaken  at  the  site.  These  are  summarized  in  Table  2.1.  Sampling  sites  are 
shown  on  Figures  2  and  3. 


Table  2.1 
Summary  of  Existing  Studies  in  the  Lower  Trent  River 


Date 

Agency 

Location 

Study  Components 

Analytes 

Potential  Concerns 

2000 

EC 

Trent  River  Mouth  -  8 
sampling  sites 

6  sediment  cores; 

2  sediment  grab  samples 

PCDD/F,  PCB, 
PAH 

[PCCD/F]  >  CSQG  PEL; 
[PCDD/F]  >  with  depth. 

2000 

EC 

Trent  River  mouth  and 
Bay  of  Quinte 

6  sediment  grab  samples 

Metals,  nutrients 

None  identified 

2004 

EC 

Trent  River  Mouth 

6  sediment  cores 

PCDD/F,  PCB, 
PAH 

[PCCD/F]  >  CSQG  PEL; 
[PCDD/F]  >  with  depth. 

2005 

MOE 

Lower  Trent  River  & 
Trent  River  Mouth 

12  sediment  sampling 
locations 

PCDD/F 

[PCCD/F]  >  CSQG  PEL; 
[PCDD/F]  >  with  depth. 

2005 

MOE 

Lower  Trent  River  at 
Norampac/Domtar 

9  sediment  sampling 
locations 

PCDD/F,  metals 

[PCCD/F]  >  CSQG  PEL. 

2004- 
2005 

EC& 
MOE 

Trent  River  mouth 

Sport  fish:  brown  bullhead 
&  yellow  perch. 

PCDD/F,  PCB 

PCB  &  PCDD/F 
accumulation 

2005 

MOE 

Trent  River  mouth 

Young-of-the-year  yellow 
perch 

PCDD/F,  PCB 

PCB  &  PCDD/F 
accumulation 

2005 

MOE 

Lower  Trent  River  & 
Trent  River  mouth 

Caged  mussels 

PCDD/F,  PCB 

PCB  &  PCDD/F 
accumulation 

2005 

MOE 

Lower  Trent  River  & 
Trent  River  mouth 

Water  quality 

PCDD/F,  PCB 

PCDD/F  >  detection  limit 

2006 

EC 

Lower  Trent  River  and 
adjacent  areas 

Turtle  eggs  (1  site  at  Trent 
River  mouth) 

PCDD/F,  PCB 

PCB  &  PCDD/F 
accumulation 

2006 

EC 

Lower  Trent  River,  Trent 
River  mouth  &  adjacent 
Bay  of  Quinte 

Sediment  samples; 
bioassay  testing;  tissue 
residues  (bioassay 
exposures);  benthic 
community. 

PCDD/F,  PCB 

PCB  &  PCDD/F 
accumulation 

2006 

EC 

Lower  Trent  River  & 
Trent  River  Mouth 

Sediment  trap  samples 

PCDD/F 

PCDD/F  transport 
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Date 

Agency 

Location 

Study  Components 

Analytes 

Potential  Concerns 

2006- 
2007 

MOE, 
EC& 
Gartner 
Lee 

Lower  Trent  River 

Sediment  curtain  samples 

PCDD/F,  PAHs, 
VOCs,  metals 

COC  release  from  potential 
sources 

In  addition  to  these  studies,  a  number  of  investigations  have  been  undertaken  at  suspected  sources.  These 
studies  indicate  that  full  source  control  may  not  be  feasible  in  the  short-term,  and  therefore,  there  is  a  need 
to  consider  the  potential  effects  on  biota  from  existing  concentrations  in  sediment  with  an  understanding 
that  the  potential  achievable  improvements  to  sediment  quality  cannot  be  quantified  at  this  time. 

The  existing  studies  have  focused  on  the  lower  Trent  River,  since  a  number  of  potential  sources  have  been 
identified  by  the  MOE  and  Environment  Canada  for  PCDD/F.  The  MOE  has  noted  that  the  former 
Domtar  wood  preserving  plant  in  Trenton  is  a  potential  source  of  PCDD/Fs  to  the  river,  and  groundwater 
investigations  on  the  site  indicate  that  contaminants  from  the  site  may  be  transported  to  the  river.  Since 
the  ability  to  fully  control  losses  from  the  site  has  not  been  established,  there  is  the  possibility  that 
continued,  but  reduced,  losses  from  the  site  to  the  river  will  occur  into  the  future. 

2.1.1      Sediment  Investigations 

2.1.1.1  Physical  Conditions 

The  lower  Trent  River  is  characterized  by  a  well  defined  channel  that  flows  through  the  City  of  Trenton. 
The  banks  of  the  channel  in  the  lower  river  have  been  modified,  and  in  many  areas  consist  of  concrete 
revetment  walls.  The  river  current  is  strong,  and  has  resulted  in  scouring  of  the  main  channel,  with  the 
result  that  there  are  no  fine  sediment  deposits  in  the  river  channel.  Depths  in  the  main  channel  are 
approximately  4-5  m. 

The  bathymetry  of  the  mouth  of  the  Trent  River  is  shown  on  Figure  4,  and  indicates  shallow  water  depths 
occur  at  the  margins  of  the  river  in  the  protected  embayments,  and  at  the  mouth  of  the  river,  east  of  the 
main  channel  adjacent  to  Centennial  Park.  Site  observations,  during  sampling  by  Environment  Canada 
and  MOE,  indicate  that  the  main  river  channel  is  scoured,  with  hard  (rock)  substrates,  and  depositional 
areas  with  fine  grained  sediments  occurred  only  in  protected  areas  along  the  margins  and  at  the  mouth.  As 
well,  it  appears  that  much  of  the  sediment  transport  of  the  river  that  is  not  deposited  locally  in  protected 
embayments  along  the  lower  River  or  in  depositional  bars  at  the  mouth  is  likely  carried  out,  and  settles  in 
the  open  water  areas  of  the  Bay  of  Quinte.  As  such,  sediment  accumulation  in  the  lower  river  and  at  the 
mouth  is  confined  to  specific  localized  areas,  and  is  not  uniformly  distributed  within  the  river.  This  has 
implications  for  the  distribution  of  contaminants  within  the  lower  river,  and  also  for  the  potential 
exposure  of  biota  in  these  areas  as  well  as  the  western  end  of  the  Bay  of  Quinte. 


As  a  result  of  the  discontinuous  distribution  of  fine-grained  sediments  in  the  lower  reaches  of  the  river, 
sediment  investigations  at  the  mouth  of  the  Trent  River  have  concentrated  on  three  primary  areas.  These 
are  confined  to  depositional  areas  located  along  the  margins  of  the  river  in  protected  embayments,  and  in 
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the  nearshore  areas  of  the  Bay  of  Quinte  at  the  mouth  of  the  Trent  River.  Sediment  generally  could  not  be 
obtained  from  the  main  channel  of  the  river  due  to  a  lack  of  soft  substrates,  a  consequence  of  the  strong 
flows  and  scouring  action  of  the  river.  The  locations  sampled  are  shown  on  Figures  2  and  3. 

Since  sediment  accumulation  has  occurred  in  discrete  areas  in  the  lower  Trent  River  and  adjacent  areas  of 
the  Bay  of  Quinte  that  are  separated  from  each  other  by  non-depositional  areas  of  elevated  current 
velocities,  these  areas  are  considered  as  separate  habitat  units  within  the  study  area.  The  locations  of  the 
areas  referred  to  in  the  following  text  are  shown  on  Figures  2  and  3.  Since  the  areas  are  sufficiently  large 
to  include  the  home  ranges  of  a  number  of  fish  species,  these  areas  are  also  used  in  the  risk  assessment  to 
assess  the  potential  effects  of  the  COCs  on  aquatic  biota. 

The  sediment  samples  at  the  Trent  River  were  collected  at  a  number  of  locations  in  the  lower  Trent  River 
approximately  2  km  upstream  of  the  mouth  (the  mouth  of  the  river  is  defined  as  the  southern  shore  of 
Centennial  Park,  located  on  the  east  bank  of  the  river).  This  reach  contains  two  potential  sources 
identified  by  the  MOE:  the  Norampac  site  and  the  Domtar  wood  treatment  plant  site  (currently  not  in 
operation).  Sampling  has  been  conducted  on  both  the  east  and  west  banks  in  this  reach.  These  areas  are 
collectively  referred  to  as  Area  A  in  this  report,  but  are  subdivided  into  the  East  Bank  and  West  Bank. 

A  second  area,  referred  to  as  Area  B,  is  located  near  the  mouth  of  the  Trent  River  in  a  constructed 
embayment  on  the  east  side  of  the  river.  Sediment  has  collected  in  this  area,  likely  due  to  a  backwater 
effect  created  by  the  embayment,  and  water  depths  are  shallow  (1.5  -  2.5  m)  relative  to  the  main  channel 
(4-6  m). 

The  third  area,  referred  to  as  Area  C,  is  located  in  the  marina  on  the  east  side  of  the  Trent  River  adjacent 
to  Centennial  Park.  River  sediments  have  collected  inside  of  the  marina,  again  likely  through  back  eddy 
effects.  The  marina  area  is  represented  by  2  locations,  sampled  in  2004  and  2006.  As  well,  an  additional 
sample  was  collected  adjacent  to  the  marina,  but  in  sediments  accumulated  outside,  along  the  margins  of 
the  main  channel. 

The  fourth  area,  Area  D,  is  located  in  the  Bay  of  Quinte  at  the  mouth  of  the  Trent  River,  just  to  the  east  of 
the  main  river  channel  and  south  of  a  local  park  known  as  Centennial  Park.  Sediment  has  collected  in  this 
area  along  the  margins  of  the  flow  channel,  again  likely  due  to  a  back  eddy  effect  resulting  from  changes 
in  flow  as  the  river  current  slows  upon  entering  the  Bay. 

A  fifth  area,  (Area  E)  consisting  of  2  sampling  points  (2005  and  2006),  occurs  on  the  west  side  at  the 
mouth  of  the  Trent  River  in  a  constructed  embayment  similar  to  Area  B  on  the  east  side. 

In  addition,  in  2006,  Environment  Canada  collected  sediment  samples  from  the  open  waters  of  the  Bay  of 

Quinte  at  two  locations  due  south  of  the  mouth  of  the  Trent  River  and  these  are  collectively  referred  to  as 

Area  F.  These  samples  represent  two  different  substrate  types:  sample  2036  was  located  closer  to  the 

south  of  the  Trent  River,  and  sediments  consisted  of  a  higher  percentage  of  coarse  materials  with  low 

TOC,  while  station  6507  consisted  of  mainly  fine-grained  sediment  high  in  organic  matter  as  denoted  by 
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TOC.  The  data  suggest  that  deposition  of  coarser  materials  occurs  in  areas  closer  to  the  mouth  of  the  river 
while  fine-grained  silts  and  clays  are  carried  further  into  the  Bay.  There  was  considerable  variation  in 
concentrations  of  PCDD/Fs  and  dl-PCBs  among  these  two  stations,  with  higher  concentrations  recorded 
in  the  more  organic  material  at  station  6507.  The  results  suggest  that  the  more  contaminated  sediments  are 
likely  to  occur  away  from  the  river  mouth,  and  may  be  distributed  broadly  in  the  Bay.  In  general,  the 
western  end  of  the  Bay  is  relatively  shallow,  with  gradual  slopes,  and  as  a  result  much  of  the  area  of  the 
western  Bay  is  characterized  by  fine-grained  sediments. 

The  accumulation  of  sediments  in  the  lower  Trent  River  therefore  appears  to  be  discontinuous,  with 
sediment  accumulation  only  in  those  areas  where  current  velocities  are  sufficiently  low  to  permit 
deposition  of  sediments  from  upstream  areas. 

2.1.1.2  Chemical  Characterization 

Since  2000,  sediment  analysis  for  PCDD/F  and  dl-PCBs  has  been  undertaken  at  all  five  of  the  Areas 
noted  in  Section  2.1.1.1.  Sediment  characterization  has  included  core  samples  and  surficial  grab  samples 
from  discrete  locations  where  fine  sediments  have  accumulated.  These  are  typically  located  in  protected 
areas,  as  described  in  the  preceding  section,  due  to  the  strong  river  current  that  has  precluded  deposition 
of  sediments  in  the  main  channel.  The  results  of  the  sampling  programs  conducted  by  Environment 
Canada  and  MOE  are  consolidated  into  Table  A-l  (Appendix  A),  and  are  summarized  by  Areas  as 
described  in  the  preceding  section.  The  sampling  locations  (and  the  year  sampled)  are  shown  on  Figures  2 
and  3.  Sediment  chemical  analysis  has  included  PCDD/Fs  at  all  locations,  dl-PCBs  at  the  majority  of 
locations,  and  metals,  nutrients  and  PAHs  at  selected  locations. 

Sediment  PCDD/Fs  were  assessed  as  measured  concentrations,  and  also  as  calculated  toxic  equivalents 
(TEQs)  to  2,3,7,8-tetrachlorodibenzo-p-dioxin  (2,3,7,8-T4CDD),  using  the  WHO  toxicity  equivalency 
factors  (TEFs)  (Van  den  Berg  et  al.  1998,  WHO  2005).  Table  A-l  presents  the  results  for  all  samples 
collected  by  Environment  Canada  and  MOE.  Table  A-2  presents  the  results  for  surficial  sediments  (0-10 
cm)  only,  since  exposures  to  aquatic  biota  and  terrestrial  receptors  are  based  on  concentrations  in  the 
surficial  (i.e.,  0-10  cm)  sediments.  Separate  calculations  are  provided  in  both  Tables  for  mammals,  birds 
and  fish,  since  the  TEFs  for  each  differ  slightly.  The  calculation  of  the  fish  and  bird  TEQs  is  based  on  the 
1997  TEFs  (Van  den  Berg  et  al.  1998),  while  mammalian  TEQs  are  based  on  the  2005  revision  (WHO 
2005).  These  are  also  summarized  in  each  Table.  A  similar  approach  was  used  for  the  dl-PCBs,  for  which 
toxic  equivalents  have  also  been  calculated  in  Table  A-3.  Since  the  dl-PCBs  are  similar  in  structure  to  the 
dioxins,  they  have  been  considered  within  the  TEQ  framework  established  for  assessing  dioxin  and  furan 
toxicity  (Van  den  Berg  et  al.  1998,  WHO  2005). 

A  review  of  the  PCDD  and  dl-PCB  data  in  Tables  A-l,  A-2  and  A-3  (Appendix  A)  indicates  that  the 
highest  concentrations  (as  TEQs)  were  measured  in  Areas  B,  C,  and  D.  The  distribution  of  PCDD/Fs  and 
dl-PCBs  in  sediments  in  the  study  area  are  shown  graphically,  by  Area,  in  Figures  5  through  10  (as 
TEQs).  The  concentrations  of  these  COCs  were  also  elevated  at  the  two  stations  sampled  in  the  Bay  of 
Quinte  by  Environment  Canada  in  2006,  and  indicate  that  deposition  of  PCDD/Fs  and  dl-PCBs  has  not 
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been  confined  to  the  lower  reaches  of  the  Trent  River.  The  relatively  few  sampling  locations  in  the  Bay  of 
Quinte  do  not  provide  an  indication  of  how  widely  dispersed  the  contamination  may  be,  but  it  is 
anticipated  that  sediments  carried  by  the  Trent  River  into  the  Bay  could  be  broadly  distributed  within  the 
western  end  of  the  Bay. 

The  core  sample  results  (Table  A-l)  indicated  that  there  is  a  progressive  increase  in  concentrations  of 
PCDD/Fs  with  depth,  with  the  hepta-  and  octa-chlorinated  congeners  showing  the  greatest  increases  with 
depth.  Concentrations  of  OCDD  increased  up  to  89-times  over  reference  conditions,  while  OCDF 
concentrations  up  to  198-times  the  concentrations  measured  at  reference  locations  were  recorded  at  some 
sites.  Similarly,  concentrations  of  1, 2,3,4,6,7, 8-heptachlorodibenzo-p-dioxin  range  up  to  436-times 
background  concentrations,  while  sediment  concentrations  of  the  hepta-chlorinated  furans  were  generally 
in  the  20-200-fold  range.  The  concentrations  of  the  tetra-  and  penta-chlorinated  congeners  were  similar 
among  most  stations,  and  at  most  depths,  to  concentrations  measured  in  upstream  reference  areas,  and 
local  sources  of  these  congeners  do  not  appear  to  be  a  concern.  A  slight  increase  was  noted  in  some  of  the 
hexa-chlorinated  congeners,  but  concentrations  at  most  sampling  sites  were  less  than  2-times  the 
concentrations  at  the  reference  sites. 

Calculated  TEQs  showed  exceedances  of  the  CCME  PEL  of  21.5  pg  TEQ/g  d.w.  at  the  majority  of 
sampling  sites  in  downstream  areas  (mainly  Areas  B,  C,  D  and  E),  and  identified  PCDD/Fs  as  a 
contaminant  of  concern.  Calculated  TEQs  indicate  that  most  of  the  increase  in  TEQs  over  upstream 
reference  sites  is  due  to  high  concentrations  of  the  hepta-  and  octa-chlorinated  congeners  (Tables  A-2  and 
A-3). 

Concentrations  of  dioxin-like  PCBs  were  not  measured  in  all  samples,  and  therefore  a  smaller  dataset  is 
available  for  these  compounds.  The  sediment  dl-PCBs  are  summarized  in  Table  A-3  and  indicate  that 
PCB  contamination  is  ubiquitous.  The  distribution  of  dl-PCBs,  as  TEQs,  is  shown  on  Figure  10  for  each 
of  the  Areas. 

Sediment  metals  concentrations  for  the  limited  sites  sampled  are  provided  in  Table  A-6,  also  summarized 
by  Area.  Exceedances  of  the  PSQG  LEL  (O.  Reg.  153/04  Table  1  &  3  Sediment  Standards)  were  noted 
for  chromium,  copper,  lead  and  zinc  at  a  few  locations,  but  no  exceedances  of  the  PSQG  SELs  were  noted 
for  any  of  the  sampling  sites. 

Analysis  of  the  sediments  for  organic  contaminants  (Table  A-6)  indicated  that  there  were  exceedances  of 
the  PSQG  LEL  for  total  PCBs  at  one  location,  DDT  and  metabolites  (including  pp-DDE)  at  4  sites,  and 
PAH  compounds  at  3  sites.  There  were  no  exceedances  of  the  PSQG  SELs  at  any  of  the  sites. 

2.1.2      Water  Column 

A  limited  number  of  water  samples  were  collected  in  the  Trent  River  in  2005,  and  the  results  are 

presented  in  Table  A-7.  The  results  indicate  that  only  the  OCDD/Fs  and  some  H7CDD/Fs  were  detected 

in  the  water  column,  and  then  only  at  some  of  the  sites.  Concentrations  of  the  other  PCDD/Fs  were 
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generally  below  detection  limits  in  all  samples.  Water  samples  were  collected  as  unfiltered  samples,  and 
therefore,  the  PCDD/F  concentrations  measured  should  not  be  considered  as  representing  concentrations 
in  the  dissolved  phase.  Water  samples  were  not  analyzed  for  PCB  congeners. 

In  addition,  sediment  traps  were  deployed  at  a  number  of  locations  in  2006.  The  results  of  these  studies 
are  provided  in  Table  A- 15.  Concentrations  of  the  higher  chlorinated  congeners  were  much  lower  than  in 
sediments,  but  comparison  of  congener  concentrations  between  the  upstream  and  downstream  sites 
indicated  there  was  an  increase  of  2-  to  4-times,  depending  on  the  congener,  in  the  concentrations  of  the 
hepta-  and  octa-chlorinated  congeners  at  the  downstream  site  as  compared  to  the  upstream  site.  This  did 
not  result  in  a  significant  difference  in  TEQ  between  the  upstream  and  downstream  sites,  since 
concentrations  of  these  congeners  were  relatively  low  in  all  samples.  Nonetheless,  the  data  indicated  there 
was  downstream  transport  of  PCDD/Fs  to  the  mouth  of  the  river,  and  likely  into  the  Bay  of  Quinte  as 
well,  and  indicated  that  properties  along  the  lower  river  are  contributing  to  the  suspended  load  (the 
potential  sources  are  reviewed  in  more  detail  in  Section  2.2). 

Water  quality  results  indicate  that  detectable  levels  of  PCDD/Fs  in  the  water  column  were  limited  to  some 
of  the  hexa-  and  hepta-chlorinated  congeners,  and  the  octa-chlorodioxins  and  furans  at  sites  along  the  east 
bank  of  the  river  during  the  July  2005  sampling,  but  all  congeners  were  below  detection  limits  during  the 
October  2005  sampling.  The  results  further  indicate  that  only  a  limited  number  of  congeners  are 
associated  with  specific  sources  along  the  lower  Trent  River. 

2.1.3      Biota 

Biota  sampling  has  included  tissue  sampling  of  resident  fish  by  MOE  and  Environment  Canada  in  2004, 
benthic  community  analysis  and  sediment  toxicity  testing  by  Environment  Canada  in  2006,  caged  mussels 
in  2005  by  MOE,  and  turtle  eggs  from  selected  areas  within  the  lower  Trent  River  watershed  in  2006  by 
Environment  Canada.  From  these  studies,  tissue  residues  of  PCDD/Fs  and  dl-PCBs  are  available  for 
mayflies  from  sediment  laboratory  bioassays  on  field-collected  sediments,  mussel  tissues  from  caged 
mussel  deployments,  and  turtle  eggs.  The  results  of  these  studies  are  summarized  in  the  following 
subsections. 

2.1.3.1      Benthic  Community 

Environment  Canada  benthic  community  assessment  and  sediment  toxicity  test  results  (Milani  and 
Grapentine  2007)  indicated  no  significant  effects  due  to  elevated  levels  of  PCDD/Fs  or  dl-PCBs.  Results 
were  assessed  relative  to  other  sites  in  the  Bay  of  Quinte  and  Eastern  Lake  Ontario.  Benthic  community 
assessment  indicated  that  benthic  community  composition  was  similar  to  reference  areas,  and  that  while 
there  were  slight  differences  among  some  stations  in  the  lower  Trent  River  with  respect  to  some  of  the 
minor  taxa  that  comprised  the  benthic  communities  in  reference  areas,  the  majority  of  the  benthic 
community  in  all  areas  was  comprised  of  the  chironomids  and  oligochaetes.  Since  benthic  organisms  are 
sensitive  to  a  range  of  physical  variables  that  comprise  their  habitats,  minor  variations  in  taxa  cannot 
readily  be  attributed  to  contaminant  sources. 
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Laboratory  sediment  toxicity  testing  was  undertaken  using  amphipods  (Hyalella  azteca),  chironomids 
(Chironomus  riparius),  mayflies  (Hexagenia  spp.)  and  oligochaetes  (Tubifex  tubifex),  and  considered 
both  lethal  endpoints  (survival)  and  sublethal  endpoints  (growth  and/or  reproduction)  during  chronic 
exposures.  The  results  of  the  tests  indicated  that  there  were  no  measurable  toxic  responses  in  most  of  the 
benthic  organisms  and  that  only  oligochaetes  demonstrated  a  measurable  response,  which  was  manifested 
as  decreased  egg  hatchability  in  some  sediments. 

Benthic  organisms  (specifically  mayflies)  from  the  sediment  bioassay  tests  were  also  analyzed  for  tissue 
residues  of  individual  PCDD/F  and  dl-PCB  congeners.  The  results  were  used  to  calculate  accumulation 
factors  for  the  congeners,  and  showed  that  mayflies  in  sediments  with  higher  concentrations  of  PCDD/Fs 
accumulated  higher  concentrations  of  these  substances  in  their  tissues.  However,  when  expressed  on  the 
basis  of  Biota-Sediment  Accumulation  Factors  (BSAFs),  the  BSAFs  for  the  higher  chlorinated 
compounds  were  lower,  and  suggest  that  these  substances  were  not  as  readily  accumulated  from 
sediments  as  the  lower  chlorinated  congeners. 

2.1.3.2     Caged  Mussels 

Caged  mussels  were  deployed  at  a  number  of  locations  in  July  2005  for  a  three-week  exposure  period. 
The  locations  are  shown  on  Figures  2  and  3,  and  correspond  to  water  and  sediment  sampling  conducted  in 
the  lower  Trent  River  in  2005.  The  mussel  tissues  were  analyzed  for  dl-PCBs  and  PCDD/Fs  at  the  end  of 
the  exposure  period,  and  the  results  are  presented  in  Table  A-8.  It  should  be  noted  that  the  three-week 
exposure  period  may  not  be  sufficient  for  steady  state  conditions  to  occur,  and  the  accumulation  data  may 
under-represent  actual  accumulation. 

Since  mussels  are  filter  feeders,  they  effectively  sample  the  water  column  and  tissue  residues  are 
reflective  of  concentrations  of  bioavailable  COCs  in  the  water  column  rather  than  the  sediments.  As  such, 
mussel  accumulation  is  compared  to  surface  water  quality  sampling  results,  and  not  sediment  results. 

The  tissue  analysis  results  indicate  that  there  was  little  accumulation  of  PCDD/Fs,  and  that  only  the  hepta- 
and  octa-chlorinated  congeners  were  present  in  the  water  column  and  were  accumulated  by  the  mussels. 
Concentrations  of  the  other  congeners  were  below  detection  limits. 

The  concentrations  of  the  hepta-  and  octa-  chlorinated  congeners  were  low  in  mussel  tissues  at  locations 
upstream  in  the  Trent  River  (Area  A),  and  increased  at  station  NORAM  6  and  NORAM  7,  indicating  a 
potential  source  of  H7CDD/Fs  and  OgCDD/F  at  these  locations.  These  sample  locations  were  adjacent  to 
the  former  Domtar  wood  treatment  site  that  MOE  and  Environment  Canada  investigations  have  suggested 
may  be  a  potential  source  of  these  substances.  Corresponding  water  quality  data  (Table  A- 7)  indicates  that 
concentrations  of  these  congeners  were  below  detection  limits  at  these  locations.  The  results  suggest  that 
there  is  either  intermittent  release  from  the  source(s)  that  was  not  captured  during  the  water  quality 
sampling  event,  or  that  there  is  low,  consistent  release  of  these  compounds  at  levels  that  are  not  detectable 
in  water  samples,  but  that  these  are  accumulating  in  mussels  over  the  3  week  exposure  period  to 
measurable  concentrations  in  tissues. 
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Concentrations  in  mussel  tissues  downstream  in  the  east  side  embayment  (Area  B)  and  in  the  marina 
(Area  C)  were  generally  much  lower,  but  still  higher  than  upstream  areas.  Since  the  higher  chlorinated 
congeners  typically  have  very  low  water  solubility,  and  a  high  affinity  for  particulate  matter,  it  is  likely 
that  exposure  and  accumulation  in  the  mussels  is  from  H7CDD/F  and  OgCDD/F  in  the  water  column 
complexed  to  particulate  matter  and  not  from  dissolved  PCDD/Fs.  Since  mussels  feed  by  filtering 
particles  from  the  water,  they  are  likely  to  accumulate  particulate-bound  contaminants  more  than  some 
other  organisms,  such  as  fish,  where  water-borne  sources,  as  truly  dissolved  forms,  can  interact  directly 
with  sorptive  surfaces  such  as  the  gills.  As  such,  mussel  accumulation  of  these  COCs  is  likely  through 
ingestion. 

The  dl-PCBs  did  not  show  a  similar  pattern  of  increase  in  mussel  tissues,  and  in  fact  tissue  residues  at  the 
upstream  site  (NORAM  1)  were  higher  (1.44  pg  TEQ/g.  w.w.)  than  tissue  residues  at  the  downstream 
locations  (maximum  TEQ  of  0.62  pg/g)  and  suggest  other  sources  in  the  watershed  are  responsible  for 
these  substances.  The  dl-PCBs  show  a  similar  affinity  for  particulate  matter  and  it  is  likely  that  mussel 
accumulation  of  these  substances  is  also  through  ingestion  of  suspended  particulate  matter. 

2.1.3.3      Turtle  Eggs 

In  2006,  Environment  Canada  collected  snapping  turtle  eggs  from  a  number  of  locations  within  the  Trent 
River  watershed  that  included  a  location  at  the  mouth  of  the  Trent  River  in  Centennial  Park  (adjacent  to 
Area  D).  The  turtle  eggs  were  analyzed  for  dl-PCBs  and  PCDD/Fs  and  the  results  are  presented  in  Table 
A-10. 

The  results  of  the  analysis  show  that  the  highest  concentrations  of  both  groups  of  substances  occurred  in 
eggs  collected  at  the  mouth  of  the  Trent  River.  The  dl-PCBs  contributed  a  much  higher  TEQ  than  the 
PCDD/Fs  (PCDD/Fs  contributed  only  10%  of  the  total  TEQ  in  the  eggs).  However,  when  compared  to  the 
other  locations  (excluding  Oak  Lake),  in  which  PCDD/F  accumulation  accounted  for  0%,  the  data 
indicate  there  is  a  source  of  PCDD/Fs  in  the  Trenton  area. 

Snapping  turtles  are  omnivores,  but  a  considerable  fraction  of  their  diet  can  include  scavenging  and 
preying  on  fish,  as  well  as  juvenile  waterfowl  when  available.  Accumulation  of  COCs  from  fish  is  likely 
the  most  significant  and  consistent  route  of  exposure,  with  plant  material  and  terrestrial  food  items 
contributing  little  and  waterfowl  being  only  a  seasonal  and  occasional  contributor.  Aquatic  habitat 
throughout  and  adjacent  to  the  study  area  is  suitable  for  snapping  turtles,  both  within  the  Trent  River  and 
in  the  western  end  of  the  Bay  of  Quinte.  Nesting  habitat  is  likely  quite  limited  in  extent,  as  those  areas 
must  combine  the  necessary  attributes  of  accessibility  and  proximity  to  water,  soil  type  and  drainage.  The 
longest  nesting  migration  measured  for  a  female  snapping  turtle  in  Cootes  Paradise  was  2020  meters 
(Pettit  et  ah,  1995)),  but  a  distance  of  13.8  km  was  recorded  in  a  situation  where  nesting  habitat  was 
considered  to  be  quite  limited  (Obbard  and  Brooks,  1980).  It  seems  reasonable  to  assume  that  the  Trent 
River  mouth  habitat  may  be  more  comparable  to  Cootes  Paradise  than  to  many  other  areas,  including 
northern  Ontario  lakes  and  American  rivers,  where  turtles  have  been  tracked  and  studied.  The  composite 
sample  of  eggs  that  was  collected  at  Centennial  Park  may  therefore  be  representative  of  the  snapping 
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turtle  population  in  an  area  of  several  square  kilometres.  Outside  of  nesting  migration,  snapping  turtles 
are  not  otherwise  sedentary  where  the  available  habitat  is  large  enough  to  accommodate  movement. 
Home  ranges  of  females  in  Cootes  Paradise  ranged  from  8.9  to  9.7  hectares  (Pettit  et  al,  1995).  With 
respect  to  exposure,  the  fish  consumption  pathway  extends  beyond  the  turtle  home  range,  as  snapping 
turtles  will  consume  larger  fish  that  are  more  mobile  and  are  therefore  exposed  to  a  broad  area.  As  such, 
the  elevated  concentrations  of  COCs  in  the  composite  egg  sample  relative  to  other  sites  can  be  attributed 
to  sediment  sources  beyond  the  depositional  areas  at  the  mouth  of  the  Trent  River.  These  results  suggest 
that  there  may  be  wider  dispersion  of  the  COCs,  particularly  PCDD/Fs,  in  the  western  end  of  the  Bay  than 
is  suggested  from  the  sediment  data,  and  that  exposure  of  aquatic  biota  is  not  limited  to  confined  areas  of 
the  lower  river. 

Since  dl-PCBs  accounted  for  approximately  90%  of  the  total  TEQ  in  eggs  collected  at  the  mouth  of  the 
Trent  River,  and  since  fish  tissue  residues  in  other  areas  of  the  Bay  of  Quinte  (see  sport  fish  discussion  in 
Section  2.1.4)  such  as  the  Belleville  and  Deseronto  areas  had  similar  concentrations  in  yellow  perch  and 
brown  bullhead  tissues  to  fish  collected  in  the  Trenton  area,  this  likely  represents  the  general  distribution 
of  PCBs  in  the  Bay  around  urban  areas,  rather  than  specific  sources  in  the  Trent  River  watershed,  and 
suggests  that  contamination  of  sediments  in  the  Bay  of  Quinte  may  not  be  restricted  to  areas  at  the  mouth 
of  the  Trent  River. 

2.1.4      Fish  Tissue  Residue  Assessment 

Fish  sampling  included  both  young-of-the-year  yellow  perch  at  three  locations  in  the  lower  Trent  River 
by  MOE,  as  well  as  adult  fish  (yellow  perch,  brown  bullhead,  lake  whitefish  and  Chinook  salmon) 
collected  by  Environment  Canada  and  MOE.  Fish  tissues  were  analyzed  for  PCDD/Fs  and  dl-PCBs.  The 
tissue  residue  analysis  results  for  dl-PCBs  and  PCDD/Fs  in  fish  tissue  are  presented  in  Table  A-4  (Young- 
of-the-Year  Yellow  Perch),  Table  A-5  for  adult  brown  bullhead  and  yellow  perch  collected  by 
Environment  Canada  in  2004,  and  Table  A- 11  for  sport  fish  from  the  MOE  Sport  Fish  Contaminant 
Monitoring  Program. 

Tissue  accumulation  of  PCDD/Fs  in  young-of-the-year  yellow  perch  is  shown  in  Table  A-4.  The  data 
indicate  that  the  tetra-chlorinated  congeners  (2,3,7,8-TCDD  and  2,3,7,8-TCDF)  account  for  most  of  the 
dioxin/furan  contribution  to  TEQ  in  fish  tissue  and  also  indicate  there  has  been  very  little  accumulation  of 
the  hexa-,  hepta-  and  octa-chlorinated  congeners  in  fish  tissue,  despite  high  concentrations  of  these 
congeners  in  sediments.  Nichols  et  al.  (1998)  indicate  that  fish  tend  to  preferentially  accumulate  the  lower 
chlorinated  forms,  and  that  this  is  due  to  the  high  affinity  of  the  higher  chlorinated  congeners  to 
particulate  matter  that  reduces  their  availability  in  the  gut.  As  such,  fish  tissues  do  not  reflect  the  higher 
sediment  concentrations,  and  in  general  the  higher  environmental  occurrence  of  the  higher  chlorinated 
forms  in  the  study  area.  Thus,  despite  release  from  sources  in  Trenton  and  accumulation  in  sediments  (and 
benthos),  there  appears  to  be  little  uptake  and  retention  of  these  compounds  by  fish,  and  most  of  the  TEQ 
is  due  to  the  tetra-  and  penta-chlorinated  congeners. 
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The  young-of-the-year  yellow  perch  data  indicate  that  most  of  the  tissue  TEQ  was  due  to  dl-PCBs,  which 
accounted  for  approximately  92%  of  total  TEQ  in  upstream  areas  (mean  of  2  samples)  and  80%  of  total 
TEQ  in  Area  B  (mean  of  3  samples).  The  results  indicate  that  while  fish  are  accumulating  PCDD/Fs  to  a 
higher  percentage  of  total  tissue  TEQs  in  the  lower  reaches  of  the  Trent  River  as  compared  to  the 
upstream  areas  (mean  PCDD/F  TEQfishs  increased  by  5-fold  in  Area  A  and  nearly  9-fold  in  Area  B),  these 
compounds  comprise  only  8%  to  20%  of  the  total  TEQ  in  young  fish.  While  the  concentration  of  dl-PCBs 
also  increased  in  fish  tissue  in  downstream  areas,  the  increase  was  less  than  2-fold. 

The  pattern  of  PCDD/F  congener  accumulation  in  the  adult  fish  collected  by  Environment  Canada  (Table 
A-5)  and  the  MOE  (Table  A- 11)  is  similar  to  that  noted  for  the  young  fish.  Accumulation  of  the  hexa- 
hepta-  and  octa-chlorinated  congeners  was  very  low,  relative  to  their  concentrations  in  sediments,  with 
most  of  the  TEQ  due  to  the  tetra-  and  penta-chlorinated  congeners.  The  results  support  the  observations  of 
Nichols  et  al.  (1998)  that  fish  preferentially  accumulate  the  lower  chlorinated  congeners. 

Mean  concentration  of  PCDD/Fs  in  brown  bullheads  from  the  Trenton  area  were  1.7-times  higher  than  in 
fish  from  the  Belleville  area,  and  3.5-times  higher  than  fish  from  the  Deseronto  area,  while  in  adult 
yellow  perch,  concentrations  were  below  the  detection  limits  in  fish  from  the  Belleville  and  Deseronto 
areas.  Yellow  perch  from  the  Trenton  area  had  accumulated  relatively  low  concentrations  of  PCDD/Fs, 
and  again,  most  of  the  TEQ  was  due  to  the  lower  chlorinated  forms.  The  data  indicate  that  fish  near  the 
Trent  River  are  accumulating  higher  concentrations  in  tissues,  but  that  concentrations  are  lower  than 
would  be  expected  for  the  higher  chlorinated  congeners,  given  existing  concentrations  in  sediments. 

Accumulation  of  dl-PCBs  indicated  that  brown  bullhead  from  the  Belleville  area  had  accumulated  the 
highest  concentrations  (as  TEQs)  (fish  tissue  residues  in  the  Belleville  area  were  approximately  55% 
higher  than  fish  from  the  Trenton  area).  Concentrations  were  lowest  in  fish  from  the  Deseronto  area.  A 
similar  pattern  was  noted  in  yellow  perch  tissue  residues  of  dl-PCBs.  The  results  indicate  that  dl-PCBs  are 
more  ubiquitous  in  the  Bay  of  Quinte  than  PCDD/Fs,  with  specific  sources  likely  associated  with  the 
major  urbanized/industrialized  areas.  Comparison  of  the  yellow  perch  and  brown  bullhead  tissue  residues 
indicates  that  a  greater  proportion  of  tissue  TEQs  in  yellow  perch  is  due  to  PCDD/F  in  the  Trenton  area 
than  in  the  brown  bullhead. 

Lake  whitefish  and  Chinook  salmon  collected  by  the  MOE  in  1998  (Table  A-ll),  show  higher  tissue 
residues  of  PCDD/Fs  than  yellow  perch  and  brown  bullhead.  In  particular,  the  lake  whitefish  had  much 
higher  tissue  residues  than  the  Chinook  salmon.  The  lake  whitefish  diet  can  include  a  sizeable  proportion 
of  benthos,  whereas  the  Chinook  salmon  occupies  a  pelagic  food  web  based  on  plankton  and  migratory 
schooling  fishes.  As  such,  the  whitefish  exposure  to  sediment-borne  contaminants  is  likely  to  be  higher 
than  that  of  the  salmon.  However,  since  both  species  range  widely  within  the  Bay  of  Quinte  and  adjacent 
areas  of  Lake  Ontario,  the  tissue  residues  in  these  species  need  to  be  interpreted  within  the  context  of  their 
feeding  ranges,  which  would  not  be  limited  to  the  area  of  the  lower  Trent  River. 
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2.2         Source  Identification 

Environment  Canada  and  the  MOE  have  undertaken  a  number  of  investigations  focused  on  identifying  the 
source(s)  of  the  contaminants  to  the  lower  Trent  River.  These  have  included  investigations  at  the  various 
plastic-coating  cable  companies,  the  City  of  Quinte  West  former  Centennial  Park  landfill  site,  Norampac 
Inc  and  the  former  Domtar  Inc.  Wood  Preserving  Plant.  Domtar,  through  it's  own  consultants,  has  also 
been  undertaking  investigations  and  remediation  activities  on  its  own  site.  Norampac  is  also  undertaking 
investigations  of  potential  dioxin/furan  impacts  in  the  groundwater  on  their  property. 

The  above  studies  indicated  that  elevated  levels  of  PCDD/Fs  occurred  in  the  water  column,  sediments, 
and  biota  tissues  in  the  lower  Trent  River,  beginning  at  the  former  Domtar  wood  treatment  site  in 
Trenton.  PCDD/Fs  are  known  to  be  associated  with  wood  treatment  operations,  and  are  known  to  be  by- 
products of  the  manufacture  of  pentachlorophenol  (PCP).  Smith  et  al.  (1988)  note  that  PCP  formulations 
contain  higher  chlorinated  congeners  of  dioxins  and  furans,  such  as  the  hepta-and  octa-chlorinated 
congeners. 

Information  provided  by  the  MOE  states  that  Domtar  Inc.  has  had  in  place  since  1989,  a  groundwater 
interceptor  trench,  which  was  designed  to  capture  shallow  groundwater  contamination  prior  to  discharge 
into  the  Trent  River  (W.  Herrick  Pers.  Comm.).  The  captured  contaminated  shallow  groundwater  is 
treated  at  an  on-site  water  treatment  system  prior  to  discharge  to  the  Trent  River.  The  MOE  notes  that 
although  the  captured  surface  water  is  contaminated  with  elevated  concentrations  of  PCDD/Fs,  the  water 
treatment  plant  is  effective  in  reducing  these  levels  to  within  regulatory  levels,  prior  to  discharge  to  the 
Trent  River.  However,  the  site  monitoring  information  indicates  that  there  are  periods  throughout  the 
year,  and  locations  within  the  site,  where  the  existing  surface  groundwater  interceptor  system  is  not 
completely  capturing  the  contaminated  shallow  groundwater  prior  to  discharge  to  the  Trent  River.  In 
addition,  the  groundwater  interceptor  system  was  not  designed  to  capture  deep  groundwater  discharges  to 
the  Trent  River.  Although  these  issues  are  currently  being  further  investigated  and  assessed  by  Domtar,  it 
can  be  reasonably  concluded  that  the  elevated  levels  of  PCDD/F  in  the  Trent  River  have  primarily 
originated  from  this  site  historically  prior  to  the  implementation  of  groundwater  control  measures.  It  can 
also  be  concluded  that  this  site  continues  to  be  a  reduced,  but  significant,  on-going  source  of  PCDD/F  as  a 
result  of  release  of  contaminated  soil  and  groundwater,  which  is  not  totally  captured  by  the  groundwater 
interceptor  system. 

Between  1992  and  1996,  three  silt  curtains  were  installed  in  the  river  at  and  below  the  Domtar  site  to 
collect  contaminated  soils/sediments  for  the  purposes  of  removal  and  disposal.  In  2005,  sediments  that 
had  collected  in  the  silt  curtains  were  collected  and  analysed  by  MOE  (Table  A-9).  The  results  indicated 
that  elevated  levels  of  PAHs  and  PCDD/Fs  occurred  in  sediments  that  had  collected  downstream  of  the 
Domtar  site.  As  well,  the  data  indicated  that  there  were  high  concentrations  of  both  groups  of  substances 
on-site.  In  2006,  the  sediments  collected  in  the  silt  curtains  were  tested  by  the  MOE  to  determine  whether 
these  materials  presented  a  concern  to  aquatic  biota.  The  result  indicated  that  there  was  high  mortality  of 
test  organisms  in  these  materials  (up  to  100%  mortality  in  some  test  organisms). 
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Gartner  Lee  Limited  (2006)  provided  analytical  results  for  sediments  removed  from  the  silt  barriers.  The 
results  indicated  that  elevated  levels  of  PAH  compounds  and  PCDD/Fs  were  observed  in  these  sediments. 
Total  PAH  concentrations,  calculated  as  the  sum  of  the  16  priority  PAHs  (Persaud  et  al.  1993)  ranged  up 
to  a  high  of  431  ug/g  at  "Downstream  Barrier  1  East"(the  SEL  for  these  sediments  is  calculated  as  160 
ug/g,  based  on  the  reported  TOC  of  1.6%),  while  total  PCDD/F  TEQ  ranged  up  to  303  pg/g  at 
"Downstream  Barrier  #2  East".  As  a  result,  it  is  not  possible  to  determine  which  of  these  groups  of 
substances  is  responsible  for  the  observed  toxicity,  and  it  is  likely  that  the  toxicity  is  attributable  to  the 
combined  effects  of  these  contaminants.  In  January  2007,  the  traps  were  again  cleaned  out  (Tables  A-16 
and  A- 17),  and  collected  sediments  showed  elevated  levels  of  PAHs  (up  to  138  ug/g  d.w.)  immediately 
downstream  of  the  site  (site  "Pier  2"),  with  levels  of  35-36  ug/g  d.w.  persisting  further  downstream. 
Similarly,  concentrations  of  octa-dioxin  ranged  up  to  76,400  pg/g  d.w.  below  the  site  and  total  PCDD/F 
TEQs  ranged  up  to  158  pg/g.  The  analytical  results  indicate  that  there  is  continued  release  of  PAHs  and 
PCDD/Fs  to  the  Trent  River.  Since  both  groups  of  substances  have  demonstrated  toxic  potential  to  a  wide 
range  of  aquatic  organisms,  and  in  the  case  of  PCDD/Fs  can  potentially  accumulate  in  organisms  at 
higher  trophic  levels  through  biomagnification,  the  presence  of  these  substances  present  an  on-going 
concern  to  biota.  The  continued  release  of  these  substances  will  also  affect  potential  remedial  options  for 
downstream  areas,  should  this  be  necessary,  since  the  results  indicate  that  sources  of  the  contaminants  to 
the  Trent  River  and  Bay  of  Quinte  have  not  been  controlled. 

2.3        Summary  of  Existing  Environmental  Studies 

The  available  data  indicate: 

•  Water  concentrations  of  PCDD/Fs  and  dl-PCBs  were  very  low,  and  in  most  cases  were  below 
detection  limits.  Low,  but  detectable  concentrations  of  the  higher  chlorinated  congeners  were 
measured  in  water  downstream  of  suspected  sources.  Caged  mussels  also  accumulated  the  higher 
chlorinated  compounds  to  higher  levels  in  these  areas. 

•  Sediment  concentrations  of  PCDD/Fs  increase  in  the  lower  Trent  River,  with  the  largest  increase 
in  the  higher  chlorinated  congeners.  In  contrast  the  lower  chlorinated  congeners,  and  the  dl-PCBs 
show  only  moderate  increases  in  sediment  concentrations.  Concentrations  of  the  higher 
chlorinated  congeners  increase  significantly  with  depth. 

•  Benthic  organisms  from  the  sediment  depositional  areas  showed  little  measurable  response  to 
elevated  levels  of  PCDD/Fs  or  dl-PCBs  either  as  changes  in  community  structure  or  as  direct 
toxicity.  Bioaccumulation  of  PCDD/Fs  and  dl-PCBs  appeared  to  favour  the  lower  chlorinated 
congeners.  Toxicity  testing  on  sediments  collected  behind  the  silt  curtains  yielded  100%  mortality 
in  some  test  organisms. 


• 


Young-of-the-year  and  adult  fish  had  accumulated  PCDD/Fs  and  dl-PCBs  in  their  tissues. 
PCDD/Fs  comprised  up  to  20%  of  total  TEQ  in  fish  tissues,  with  the  majority  of  the  total  tissue 
residue  due  to  the  dl-PCBs.  Both  young  fish  and  adult  fish  generally  had  higher  TEQs  (and 
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BSAFs)  in  tissues  of  the  lower  chlorinated  congeners  compared  to  the  higher  chlorinated 
congeners. 

•  Snapping  turtle  eggs  collected  near  the  mouth  of  the  Trent  River  had  higher  tissue  residues  than 
other  areas  within  the  Trent  River  and  Bay  of  Quinte.  The  majority  of  the  TEQ  was  due  to  dl- 
PCBs,  which  suggests  that  exposure  to  PCDD/Fs  has  been  low.  Given  that  turtles  migrate  to 
nesting  areas,  have  sizeable  home  ranges  and  consume  larger  fish,  and  that  PCBs  appear  to  be 
broadly  distributed  in  biota  in  the  Bay,  maternal  exposure  beyond  the  mouth  of  the  Trent  River  in 
the  western  end  of  the  Bay  of  Quinte  is  indicated  as  a  potential  source. 

2.4        Habitat 

The  study  area  includes  both  lotic  (flowing)  and  lentic  (still)  aquatic  habitats.  The  upper  end  of  the  study 
area  is  characterized  by  flowing  water  in  a  section  of  the  Trent  River  that  has  generally  rocky  substrates, 
shallow  depth,  and  turbulent  flow.  Nearing  the  mouth  of  the  river,  and  the  backwater  effect  of  the  Bay  of 
Quinte,  turbulent  flow  ceases  and  finer  substrates  become  more  prevalent,  especially  along  the  margins  in 
back  eddies  and  within  artificial  enclosures  such  as  the  marina.  Flow  within  the  river  does,  however, 
maintain  greater  depth  and  coarser  substrates  in  mid-channel,  even  out  to  the  mouth.  The  west  end  of  the 
Bay  of  Quinte  is  relatively  shallow  and  productive,  with  extensive  submerged  aquatic  plant  growth  and 
relatively  clear  water  since  the  establishment  of  zebra  mussels  in  the  1990's.  These  habitats  support  a 
diverse  warmwater  resident  fish  community,  as  well  as  seasonal  presence  of  coldwater  species  such  as 
Chinook  salmon  and  lake  whitefish  that  migrate  into  the  Bay  of  Quinte  from  Lake  Ontario. 

There  are  no  barriers  to  fish  migration  within  the  study  area,  although  the  Trent  is  regulated  by  a  series  of 
dams  and  navigational  locks,  the  first  of  which  mark  the  upstream  end  of  the  study  area.  As  such,  there  is 
free  movement  of  fish  among  the  various  habitats  for  the  purposes  of  spawning,  nursery,  foraging  and 
overwintering.  Depending  on  species,  spawning  and  nursery  areas  may  be  concentrated  in  limited  suitable 
habitats  or  may  take  place  over  large  portions  of  the  study  area.  For  instance,  walleye  spawning  is  likely 
to  be  limited  to  the  upstream  end  of  the  study  area,  over  rocky  riffles  and  bars.  Upon  hatching,  the  larval 
walleye  would  be  swept  downstream  to  the  Bay  of  Quinte  where  they  would  feed  on  zooplankton  and 
eventually  take  up  a  benthic  existence  in  deeper  waters.  By  contrast,  yellow  perch  will  spawn  over  aquatic 
vegetation  in  the  lentic  areas  that  characterize  much  of  the  lower  end  of  the  study  area.  Upon  hatching,  the 
larval  yellow  perch  will  remain  offshore  within  the  Bay  and  feed  on  plankton  similar  to  the  walleye,  but 
as  juveniles  quickly  reach  a  size  at  which  they  move  inshore  and  begin  feeding  on  benthos.  Brown 
bullhead  nest  in  quiet  areas,  where  they  can  find  cavities  in  drowned  wood  or  amongst  rocks  or  excavate 
cavities  in  substrates,  and  their  young  remain  in  these  calm  waters  and  are  benthic  feeders  from  the 
beginning. 

These  aquatic  habitats  are  bordered  by  urban  development  in  the  City  of  Trenton,  including  industrial, 
commercial,  recreational  and  residential  land  uses,  as  well  as  roads  and  bridges  that  convey  automobile 
and  rail  traffic.  Thin  strips  of  tree  and  shrub  growth  occur  in  some  places  along  the  banks,  but  there  are  no 
extensive  woodlots,  valley  lands,  wetlands  or  other  natural  habitats.  There  is  very  little  riparian  habitat 
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that  has  not  been  filled,  hardened  or  altered  in  some  way,  and  that  is  not  subject  to  frequent  human 
disturbance.  In  such  an  environment,  mammals  and  birds  are  limited  to  those  species  that  are  relatively 
tolerant  of  human  disturbance.  Mammals  are  likely  to  include  the  typical  urban  species,  such  as  striped 
skunk,  raccoon,  and  grey  squirrel,  along  with  tolerant  semi-aquatic  species  such  as  muskrat  and  perhaps 
beaver  and  mink.  Birds  will  likewise  include  the  typical  urban  songbirds,  along  with  a  host  of  relatively 
tolerant  waterbirds  such  as  ducks,  geese,  gulls,  terns,  herons,  kingfisher  and  cormorant  that  can  visit  the 
area  to  forage,  even  if  they  do  not  nest  there. 

2.5       Regulatory  Concerns 

Environment  Canada  and  MOE,  under  the  Canada-Ontario  Agreement  (COA),  have  developed  a 
framework  for  assessing  sediment  contamination  and  determining  sediment  remediation  needs  (Chapman 
and  Anderson  2005).  The  decision-making  framework  lays  out  a  process  by  which  the  effects  of  sediment 
contamination  can  be  assessed  in  a  consistent  manner  in  Great  Lakes  Areas  of  Concern. 

Milani  and  Grapentine  (2007)  assessed  sediment  contamination  in  the  lower  Trent  River  under  the  COA 
framework.  In  their  assessment,  the  biomagnification  potential  of  the  COCs  required  additional 
assessment  of  the  risks  due  to  biomagnification.  Under  the  COA  process,  this  is  typically  conducted 
through  completion  of  a  risk  assessment.  The  remaining  sections  describe  the  approach  to  conducting  the 
risk  assessment  and  the  predicted  risks  to  a  range  of  aquatic  and  terrestrial  receptors. 
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3.0  ASSESSMENT  OF  POTENTIAL  RISKS 

3.1  Study  Approach 

Risk  assessments  can  take  many  forms,  usually  varying  in  the  amount  of  detailed  information  they  require 
and  hence,  in  the  reliability  of  their  predictions.  The  CCME  defines  three  levels  of  risk  assessment  to 
correspond  to  increasing  levels  of  complexity: 

•  A  Screening  Level  Risk  Assessment  (SLRA)  that  relies  on  site  environmental  data  combined  with 
literature  toxicity  data,  such  as  established  toxicological  benchmarks,  to  assess  exposure  and 
potential  risk.  SLRAs  are  typically  descriptive  of  current  conditions  but  are  not  predictive. 
SLRAs  are  typically  broad  in  scope,  and  include  a  broad  range  of  environmental  parameters, 
since  typically,  the  COCs  have  not  been  well  defined. 

•  Preliminary  Quantitative  ERA,  that  focuses  on  specific  issues  (i.e.,  COCs  and  potential 
receptors),  and  uses  standard  methods  and  models  and  specialized  ERA  approaches  to  assess 
exposure  and  risks. 

•  Detailed  Quantitative  ERA,  that  relies  on  site-specific  data  and  predictive  modelling  to  provide 
quantitative  results. 

Typically,  screening  level  risk  assessments  are  conducted  in  the  absence  of  appropriate  site-specific 
"effects"  data,  relying  mainly  on  toxicological  effects  data  from  the  scientific  literature.  Consequently,  in 
screening  level  risk  assessments  uncertainty  is  often  high.  A  screening  level  risk  assessment  is  typically 
conducted  when  previous  investigations  on  the  site  have  not  included  detailed  biological  investigation, 
but  where  site  assessment  has  identified  potential  contaminant  concerns.  The  current  risk  assessment  will 
be  conducted  as  an  amalgam  of  the  above  approaches.  Detailed  environmental  data  are  available  for  the 
site,  both  for  environmental  media  and  receptor  tissue  residues,  and  therefore  actual  exposures  can  be 
considered  on  a  site-specific  basis.  However,  there  is  insufficient  data  upon  which  to  develop  site-specific 
toxicological  benchmarks  for  receptors  other  than  benthic  invertebrates,  and  therefore,  literature  sources 
are  relied  upon.  As  well,  the  data  will  support  limited  predictive  modeling  of  exposures  to  higher  trophic 
levels.  Therefore,  the  risk  assessment  as  conducted  in  this  study  combines  elements  of  all  three 
approaches. 

The  risk  assessment  is  addressed  through  the  standard  format  as  described  in  the  CCME  guidance  (CCME 
1996),  and  the  U.S.  EPA  guidance  (U.S.  EPA  1998).  The  risk  assessment  consists  of  a  number  of 
formalized  steps,  including: 

•  Assessment  Methodology,  which  includes  development  of  management  goals,  identification  of  the 
compounds  of  concern,  and  identification  of  measurement  endpoints. 

•  Problem  Formulation,  which  consists  of  identifying  the  contaminants  of  concern  and  the 
potential  receptors  (i.e.,  those  species  that  could  be  exposed  to  the  COCs). 
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•  Conceptual  Model,  which  uses  the  information  from  the  Problem  Formulation  step  to  delineate 
the  potential  pathways  of  exposure  for  the  receptors  for  each  of  the  compounds  of  concern. 

•  Fate  and  Transport,  which  considers  the  physical  and  chemical  processes  that  can  affect  the 
chemical  composition  and  biological  availability  of  the  compounds  of  concern. 

•  Exposure  Assessment,  which  determines  the  degree  of  potential  exposure  of  the  receptors  to  the 
compounds  of  concern. 

•  Effects  Assessment,  which  is  an  amalgam  of  the  fate  and  transport  of  the  compounds  of  concern 
(COCs),  and  the  exposure  of  the  receptors,  within  defined  endpoints  designed  to  protect  the 
identified  receptors. 

•  Risk/Effects  Characterization,  which  translates  the  exposure  and  effects  assessments  into 
predictions  of  risks  that  can  then  be  used  to  derive  remediation  targets. 

The  risk  assessment  proceeds  through  these  steps,  and  the  following  subsections  follow  in  the  order 
outlined  above,  with  the  exception  that  there  is  no  formal  Problem  Formulation  section.  This  has  been 
divided  into  the  components  that  comprise  the  Problem  Formulation  step,  including  the  determination  of 
management  goals,  the  identification  of  the  contaminants  of  concern,  and  the  selection  of  suitable 
ecological  receptors. 

Risk  assessments  are  based  on  the  understanding  that  effects  or  risks  are  due  to  a  combination  of  the 
toxicity  of  the  substance  and  the  exposure  of  the  organism.  Exposure  is  typically  considered  as  simple 
residence  within  an  exposure  pathway.  As  a  result,  the  risk  assessment  is  conducted  on  the  basis  of  the 
following  factors: 

•      PCDD/Fs  and  dl-PCBs  are  known  to  be  toxic  to  a  wide  range  of  aquatic  and  terrestrial  biota. 


• 


Measured  concentrations  of  these  substances  in  the  media  to  which  receptors  could  be  exposed 
have  been  shown  to  be  elevated  over  background  levels,  and  in  some  cases  above  existing 
guideline  levels. 

Pathways  of  exposure  exist  for  both  aquatic  and  terrestrial  biota.  This  consists  of  direct 
residence  in  contaminated  sediments  for  benthos  and  bottom-feeding  fish,  and  benthic  organism 
and  fish  tissue  residues  for  secondary  and  tertiary  receptors  such  as  predatory  fish  and  fish- 
eating  birds  and  mammals.  In  the  lower  Trent  River,  the  primary  pathway  of  exposure  has  been 
shown  to  be  via  the  sediments  to  benthos,  fish  and  fish-eating  wildlife.  Since  most  biota  will  be 
exposed  only  to  surficial  sediments,  the  assessment  focuses  on  these  sediments. 

A  number  of  receptors  are  present  or  are  likely  to  be  present  due  to  available  habitat  and  typical 
ranges. 
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3.1.1      Assessment  Approach 

The  risk  assessment  is  conducted  as  a  deterministic  risk  assessment.  Under  a  deterministic  approach,  the 
environmental  concentrations  are  compared  to  existing  benchmarks  that  are  based  on  toxicological 
assessments  of  the  effects  of  the  COCs  on  sensitive  organisms.  Typically  the  benchmarks  are  the  most 
conservative  that  are  applicable  to  the  receptors  present  or  potentially  present  on  the  site. 

In  the  present  study,  the  benchmarks  are  selected  from  the  literature  and  are  compared  to  actual  tissue 
accumulation  data  for  the  aquatic  receptors.  Tissue  residues  are  considered  the  most  appropriate 
measures,  since  the  primary  COCs  are  known  to  bioaccumulate  and  biomagnify  in  organisms.  The  tissue 
residues  are  further  incorporated  into  standard  environmental  exposure  models  to  predict  exposure  to 
organisms  at  higher  trophic  levels  for  which  actual  measured  tissue  residues  are  not  readily  available,  or 
for  which  this  approach  may  not  be  readily  acceptable  (i.e.,  it  is  often  considered  unacceptable  to  sacrifice 
terrestrial  species  such  as  birds  and  mammals  unless  there  is  strong  indication  of  potential  risk  of 
accumulation  of  substances). 

A  deterministic  approach  rather  than  a  probabilistic  approach  has  been  considered  as  the  most  appropriate 
for  the  site  for  a  number  of  reasons.  Deterministic  risk  assessments  are  conducted  on  the  basis  of  discrete 
exposures  of  receptors  to  COCs  that  are  then  assessed  against  a  set  of  defined  toxicity  values  (TRVs). 
Typically  TRVs  are  based  on  the  most  sensitive  life  stage  of  the  species  present,  using  a  sensitive  chronic 
endpoint  (e.g.,  reproduction),  to  ensure  that  the  risk  assessment  is  conducted  in  a  suitably  conservative 
manner.  As  such,  deterministic  risk  assessments  can  typically  provide  management  targets,  based  on  the 
effects  endpoints  used,  that  in  turn  are  based  on  the  level  of  protection  deemed  suitable  or  desirable. 

Deterministic  risk  assessments  are  based  on  defined  exposure  scenarios  for  the  receptors  selected  (i.e.,  the 
exposure  period  is  determined  for  each  receptor  by  the  risk  assessors),  and  most  deterministic  risk 
assessments  therefore  make  certain  assumptions  regarding  exposures  based  on  the  characteristics  of  the 
site  and  the  habits  and  life  cycle  of  the  receptors.  The  assessment  of  effects  or  risk  is  then  based  on  the 
defined  exposure  period.  In  addition,  deterministic  risk  assessments  also  make  certain  assumptions  about 
internal  exposure  (i.e.,  uptake  within  the  organism).  For  most  risk  assessments,  uptake  is  assumed  to  be 
100%,  (i.e.,  the  receptor  accumulates  100%  of  the  concentration  in  the  food  that  it  consumes)  though  this 
is  rarely  true.  More  detailed  deterministic  risk  assessments  assign  uptake  factors,  based  either  on  literature 
studies  with  the  substance  of  concern,  or  on  site-specific  studies  where  uptake  is  measured.  This  can  take 
the  form  of  experimentally  measuring  assimilation  from  the  gut,  or  through  comparison  of  environmental 
concentrations  to  concentrations  of  the  COCs  within  the  organism.  In  the  latter,  uptake  is  usually  related 
to  the  environmental  concentrations  through  the  use  of  factors,  such  as  Biota-Sediment  Accumulation 
Factors  (BSAFs)  that  are  simply  the  ratios  of  the  substance  in  the  environmental  medium  to  the  amount 
accumulated  in  the  organism.  This  is  used  to  predict  the  exposure  of  the  organism,  and  in  the  case  of 
bioaccumulative  substances,  can  be  used  to  predict  exposures  to  higher  trophic  levels. 

Where  the  contamination  and  the  range  of  the  species  is  well  defined,  a  spatial  weighting  can  be  applied, 

and  the  exposures  to  different  environmental  concentrations  can  be  apportioned  based  on  the  amount  of 
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time  the  organism  is  expected  to  be  in  any  one  part  of  the  area.  The  weighting  can  then  be  summed,  to 
provide  an  overall  exposure.  Thus,  in  a  deterministic  risk  assessment,  the  exposure  of  the  receptor  is 
based  on  direct  comparison  of  environmental  concentrations  with  concentrations  known  to  elicit  a  certain 
response.  Hence,  deterministic  risk  assessments  can  be  conducted  against  different  benchmark  levels, 
such  as  chronic  effects  concentrations  or  acute  concentrations. 

Where  the  range  of  the  receptor  is  relatively  small  and  overlaps  considerably  with  the  contaminated  area, 
the  exposure  can  be  determined  relatively  easily.  Where  the  range  of  the  species  is  large  in  relation  to  the 
area  of  contamination,  spatial  weighting  is  useful,  but  does  not  provide  an  indication  of  what  percentage 
of  the  time  the  organism  would  be  expected  to  be  exposed  to  a  certain  concentration  or  concentration 
range  (since  this  is  pre-defined  by  the  risk  assessor).  This  is  where  probabilistic  risk  assessment  has  been 
used  to  some  effect. 

Probabilistic  risk  assessments  are  designed  to  assess  the  probability  that  a  certain  receptor  population 
would  be  exposed  to  different  ranges  of  environmental  contaminants  (i.e.,  the  exposure  is  not  defined,  but 
is  statistically  determined  as  a  probability).  A  probabilistic  risk  assessment  assesses  the  probability  that  a 
population  that  is  randomly  distributed  in  it's  normal  home  or  feeding  range,  would  be  exposed  to 
potentially  harmful  concentrations  of  COCs,  and  assigns  a  probability  value  to  this.  For  example,  where 
the  area  of  contamination  is  50%  of  the  entire  area,  assuming  that  the  fish  move  and  feed  randomly  within 
this  area  would  result  in  a  probability  of  exposure  of  50%  to  concentrations  that  exceed  a  range  of 
benchmark  values. 

Exposures  are  typically  not  assessed  against  a  single  TRV,  but  rather,  are  assessed  against  a  range  of 
concentrations,  such  as  a  species  sensitivity  distribution  (SSD)  (e.g.,  Verdonck  et  al.  2003).  SSDs  are 
compilations  of  effects  on  a  range  of  species  for  a  given  substance.  As  such,  probabilistic  risk  assessments 
will  usually  require  an  extensive  literature  review  for  a  suitable  range  of  toxicity  values,  either  for  a  single 
species,  or  for  a  range  of  species  (i.e.,  an  SSD).  The  probability  that  the  toxicity  values  for  a  certain 
percentage  of  the  species  TRVs  in  the  SSD  are  exceeded  a  certain  percentage  of  the  time  is  then 
determined  through  the  calculation.  Since  a  range  of  TRVs  is  used,  rather  than  the  TRV  for  the  most 
sensitive  species,  probabilistic  RAs  have  often  been  viewed  by  regulatory  agencies  as  not  being 
sufficiently  conservative. 

Probabilistic  models  assume  that  the  population  potentially  exposed  moves  randomly  throughout  the  area, 
and  can  periodically  come  into  contact  with  higher  contaminated  areas.  In  an  aquatic  study,  the  purpose  of 
the  probabilistic  model  is  to  determine  how  often  the  fish  would  be  exposed  to  concentrations  that  exceed 
the  range  of  threshold  concentrations  that  could  result  in  an  adverse  effect  on  the  fish  population.  This 
generates  a  probability  function  that  indicates  how  often  the  fish  is  likely  to  be  in  any  one  area  (i.e.,  a 
probability  of  exposure  within  a  certain  range  of  effects  concentrations). 

Probabilistic  risk  assessments  applied  to  a  site  such  as  the  lower  Trent  make  two  critical  assumptions. 

First,  that  fish  movement  and  feeding  throughout  the  area  is  random,  and  second,  that  the  range  of  TRVs 

is  acceptable.  As  noted  above,  in  a  deterministic  model,  fish  exposure  is  defined  beforehand,  and  then  is 
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assessed  against  a  single  value,  (though  multiple  assessment  endpoints  can  be  used  in  a  "weight-of- 
evidence"  approach)  known  to  be  protective  to  a  certain  level.  Thus,  the  biological  relevance  of  exceeding 
a  threshold  level  is  usually  clearly  understood.  This  is  contrasted  with  a  probabilistic  model  where  the 
exposure  is  assessed  against  a  range  of  values  that  ultimately  need  careful  interpretation  in  order  to  be 
understood  in  a  biologically  relevant  context. 

Since  the  conditions  in  the  lower  Trent  River  do  not  meet  the  randomness  requirements  for  a  probabilistic 
risk  assessment  (small  fish  are  contained  within  discrete  areas,  where  sediment  contamination  also  occurs 
and  are  limited  from  ranging  broadly  throughout  the  area),  and  the  environmental  data  are  lacking  for 
conducting  a  probabilistic  risk  assessment  for  large,  wide-ranging  species  such  as  walleye,  the  decision 
was  made  to  use  a  deterministic  risk  assessment  to  assess  the  impacts  on  small  fish  within  the  river  and  on 
the  receptors  that  may  feed  on  them  (through  calculation  of  daily  doses  based  on  consumption  habits).  For 
the  larger  fish  that  range  in  the  general  area,  the  accumulation  of  the  COCs  will  be  assessed  on  the  basis 
offish  growth  and  feeding  (i.e.,  energetics),  since  this  incorporates  important  toxicokinetic  considerations 
that  are  related  to  growth,  such  as  assimilation  and  elimination  rates. 

3.2  Management  Goals 

The  management  goal  is  considered  to  be  the  protection  of  the  aquatic  communities  of  the  lower  Trent 
River  and  Bay  of  Quinte,  including  downstream  reaches  that  may  be  affected  by  re-suspension  and  fluvial 
transport  from  affected  areas,  from  the  effects  of  contamination  by  the  COCs.  The  goals  include  not  only 
those  organisms  directly  exposed  to  sediment  sources,  but  also  those  that  feed  upon  contaminated  prey. 
As  such,  the  risk  assessment  is  conducted  with  respect  to  these  goals.  The  goals  are  consistent  with  those 
of  the  Bay  of  Quinte  RAP,  and  are  designed  to  move  the  RAP  towards  de-listing  of  the  Bay  as  an  Area  of 
Concern  in  the  Great  Lakes. 

3.3  Identification  of  Contaminants  of  Concern 

The  review  of  existing  studies  by  MOE  and  Environment  Canada  has  identified  PCDD/Fs  as  a 
contaminant  of  concern  at  the  majority  of  sites  due  to  exceedances  of  CCME  PEL  guideline  of  21.5  pg/g 
TEQ.  The  same  studies  have  also  identified  elevated  levels  of  dl-PCBs,  also  due  to  exceedances  of  the 
CCME  PELs  for  dioxins  and  furans,  based  on  TEQs. 

The  review  of  existing  data  has  identified  a  limited  number  of  metals  that  exceed  available  guidelines. 
While  the  MOE  PSQG  LEL  was  exceeded  at  some  sites  for  some  metals  (e.g.,  copper,  lead,  chromium, 
zinc),  the  only  exceedance  of  the  SEL  was  for  manganese  at  one  sampling  site  in  the  Environment  Canada 
2006  study  (Milani  and  Grapentine  2007). 

Existing  data  for  PAH  contamination  indicates  that  there  were  exceedances  of  the  LEL  at  some  sites  for 

both  individual  PAH  compounds  and  total  PAH.  The  MOE  PSQG  LEL  for  total  PAH  of  4  ug/g  was 

exceeded  at  2  of  10  sites  in  the  lower  Trent  River.  Therefore,  PAH  compounds  are  also  considered  as 

potential  contaminants  of  concern. 
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3.4         Receptor  Characterization 

The  selection  of  appropriate  receptors  against  which  to  assess  potential  risks  needs  to  ensure  that  the 
receptor  is  not  only  a  suitably  sensitive  organism,  but  is  representative  of  the  local  environment.  A 
number  of  criteria  were  used  to  select  potential  receptors  and  these  are  described  below. 

>  Range:  Are  the  species  part  of  a  larger  regional  population  or  are  they  part  of  a  small  local  non- 
migratory  population? 

Rationale:  Populations  of  those  species  that  are  broadly  distributed  within  the  region  would  be  less 
likely  to  suffer  adverse  effects  at  the  population  level  than  would  species  with  smaller,  locally 
distributed  populations.  Broadly  distributed  populations  could  withstand  localized  effects  with  little 
or  no  impact  on  the  population  as  a  whole,  and  therefore,  would  not  be  as  sensitive  to  project-related 
impacts. 

>  Abundance  of  the  species  within  the  local  aquatic  community:  Is  the  species  common  and  abundant 
in  the  local  area,  or  are  they  uncommon  or  rare? 

Rationale:  Effects  would  be  more  readily  measured  and  therefore,  more  readily  apparent  in  those 
organisms  that  form  a  major  component  of  the  local  community.  These  species  are  also  likely  to 
demonstrate  any  negative  (or  positive)  response  to  changing  environmental  conditions. 

>  Status  of  the  species:  Are  the  species  indigenous  to  the  area,  or  have  they  been  introduced,  either 
purposely  or  accidentally  from  other  areas? 

Rationale:  Native  species  (i.e.,  those  that  have  been  well  established  in  the  area  over  a  long  time 
period)  provide  the  greatest  opportunity  to  show  responses  to  environmental  effects.  The  responses 
would  not  be  clouded  by  population  dynamics  that  may  not  have  reached  equilibrium,  or  that  may  be 
influenced  by  anthropogenic  actions  such  as  stocking  or  management  programs. 

>  Habitat  use  by  the  species:  Is  the  species  a  permanent  resident,  or  does  it  utilise  the  area  during  only 
part  of  the  year? 

Rationale:  Species  that  are  permanent  residents  are  more  likely  to  show  a  response  since  they  are 
subject  to  the  impact(s)  for  a  much  greater  percentage  of  their  life  history. 

>  Residency  sensitivity:  Are  the  species  resident  in  the  area  during  critical  life  stages  (e.g.,  spawning, 
rearing,  etc.)? 

Rationale:  Those  organisms  that  use  the  area  on  a  seasonal  basis  are  likely  to  be  exposed  for  shorter 
periods.  Exposure,  and  hence  potential  risks,  would  be  greater  for  those  organisms  using  the  area 
during  critical  life  history  stages  such  as  those  associated  with  reproduction,  or  during  critical  growth 
periods.  Those  organisms  that  use  the  area  only  during  infrequent  periods,  or  as  part  of  a  broader 
feeding  range,  would  therefore  be  less  likely  to  suffer  and  hence  demonstrate  effects. 

>  Exposure  potential  and  duration:  Does  the  organism  reside  in  a  known  exposure  pathway? 

Rationale:  The  effects  on  an  organism  depend  not  only  on  exposure,  but  also  the  duration  of  those 
effects.   Therefore,  those  organisms  that  are  exposed  to  greater  effects  due  to  closer  proximity  to  the 
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sources  of  effect,  and  for  extended  periods  of  time  would  be  more  suitable  for  measuring  potential 
impacts. 

>  Sensitivity:   Does  the  organism  respond  to  the  potential  stressors  in  a  known  or  predictable  fashion? 
Are  the  organisms  particularly  sensitive  to  certain  stressors  of  concern? 

Rationale:  Those  species  that  are  known  to  be  most  sensitive  to  the  potential  impacts  need  to  be 
identified  and  focused  on. 

>  Previously  used  as  an  environmental  monitoring  organism:  For  example,  does  a  suitable  database 
exist  on  population  dynamics  for  the  organism? 

Rationale:  Determination  of  effects  depends  on  detection  of  changes  in  an  organism's  response, 
either  at  the  level  of  the  individual  or  the  population.  In  order  to  reliably  detect  such  changes,  the  life 
history  of  the  organism  in  the  area  needs  to  be  known  in  detail.  Furthermore,  the  natural  variability  of 
population-level  or  community-level  parameters  must  be  known  if  project-related  impacts  are  to  be 
distinguished  from  natural  variability. 

>  Socio-economic  importance:  Is  the  species  of  local  or  regional  significance  either  economically  or 
socially? 

Rationale:  Those  organisms  that  are  socially  or  economically  important  could  result  in  effects  that 
extend  beyond  the  aquatic  ecosystem  to  ultimately  affect  human  uses. 

>  Role  of  the  species  in  the  local  food  web:  Is  the  species  a  major  or  significant  food  source  for  other 
species  (particularly  ones  of  local  significance)? 

Rationale:  While  certain  species  may  not  be  significant  under  the  above  selection  criteria,  they  may 
nonetheless  be  significant  locally  as  a  food  source  to  other  organisms.  As  such,  the  viability  of  their 
populations  locally  may  affect  the  viability  of  other  species. 

The  receptor  selection  is  undertaken  on  the  basis  of  the  above  criteria,  focusing  on  the  biota  that  have 
currently  been  observed  or  collected  at  the  site,  and  those  that  could  potentially  be  present,  given  existing 
conditions  at  the  site. 

Only  those  receptors  that  can  reasonably  be  exposed  to  the  COCs  are  considered.  In  the  current  risk 
assessment,  benthic  organisms  and  young  fish  have  been  determined  to  be  present  in  each  area,  and 
corresponding  tissue  residues  are  available  that  indicate  they  have  been  exposed  to  PCDD/Fs  and  dl- 
PCBs.  Terrestrial  biota  are  not  likely  to  be  exposed  to  sediment  sources  of  the  COCs,  but  are  considered 
to  be  exposed  through  ingestion  of  contaminated  food  (i.e.,  benthic  invertebrates  and  fish).  As  such, 
terrestrial  receptors  such  as  fish-eating  birds  and  mammals  will  only  be  exposed  to  those  COCs  that  have 
accumulated  in  their  food.  As  the  review  of  existing  data  in  Section  3  has  indicated,  those  substances  in 
sediment  that  are  directly  associated  with  sources  of  PCDD/Fs  to  the  river,  such  as  the  higher  chlorinated 
congeners,  were  generally  low  in  benthic  organism  and  fish  tissues. 

The  characteristics  of  each  receptor  are  provided  in  the  following  sections. 
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3.4.1      Aquatic  Receptors 

To  date,  the  collection  of  biota  at  the  site  for  tissue  analysis  has  focused  mainly  on  fish  species.  Since 
deposits  of  fine  sediments  suitable  for  supporting  burrowing  benthic  species  are  confined  to  the  margins 
and  protected  embayments  along  the  lower  Trent  River,  benthic  community  assessment  conducted  by 
Environment  Canada  has  been  concentrated  in  these  areas.  Milani  and  Grapentine  (2007),  note  that  the 
benthic  communities  at  the  sites  sampled  consisted  mainly  of  chironomids  and  oligochaetes,  with  small 
numbers  of  sphaeriid  mussels  and  isopods  at  some  locations.  These  groups  of  organisms  are  typical  of 
fine-grained  sediment  depositional  areas.  As  such,  the  chironomids  and  oligochaetes  that  formed  the 
common  elements  of  the  benthic  communities  at  all  of  the  sites  sampled  by  Environment  Canada,  as 
characterized  by  Milani  and  Grapentine  (2007)  are  likely  to  form  the  majority  of  the  benthic  community 
in  the  Areas  considered.  These  benthic  organisms  are  included  as  potential  receptors. 

The  fish  species  present,  or  likely  to  be  present  have  been  reasonably  well  defined  through  existing  fish 
collections  by  MOE  and  EC.  The  most  common  species  in  the  existing  data  sets  are  brown  bullhead 
(Ameiurus  nebulosus)  and  yellow  perch  (Perca  flavescens).  Both  species  were  collected  at  locations  near 
the  mouth  of  the  Trent  River,  in  protected  embayments  or  in  adjacent  areas  of  the  Bay  of  Quinte.  Since 
both  species  are  resident  in  the  areas  where  contaminated  sediments  have  accumulated,  both  would  be 
suitable  receptors  through  which  to  assess  the  potential  effects  of  the  COCs. 

The  Bay  of  Quinte  provides  habitat  for  a  large  number  of  fish  species,  of  which  the  walleye  (Sander 
vitreus)  is  of  greatest  social  and  economic  concern.  Recent  transformation  of  the  Bay  of  Quinte  aquatic 
habitat  includes  increased  water  clarity  and  expansion  of  areas  occupied  by  stands  of  rooted  aquatic 
macrophytes.  As  a  result,  walleye  are  less  numerous  in  shallow  areas  and  fish  such  as  largemouth  bass, 
black  crappie  and  bluegill,  which  prefer  weedy,  clear  waters  have  proliferated.  Walleye  are  not  assessed 
directly  due  to  a  lack  of  site-specific  data.  However,  the  effects  on  walleye  are  considered  indirectly 
through  surrogate  species. 

Based  on  the  above  criteria,  the  exposure  of  potential  receptors  is  expected  to  be  greatest  for  resident 
aquatic  species,  since  for  these  organisms,  potential  exposure  would  be  continuous  throughout  their  life 
span.  As  such,  those  species  that  are  present  throughout  their  life  history,  are  present  during  sensitive  life 
stages  (e.g.,  eggs,  young),  and  are  truly  aquatic  (and  therefore  most  directly  and  continuously  exposed) 
would  be  considered  as  the  most  sensitive  receptors.  The  receptors  selected,  and  the  rationale  for  their 
selection,  are  provided  below: 


• 


Daphnia  (or  related  species  such  as  Ceriodaphnia)  are  generally  considered  as  sensitive 
organisms  to  water-borne  chemicals,  and  are  an  important  food  source  for  higher  predators  such 
as  fish; 

•  Chironomids  and  oligochaetes,  while  not  considered  sensitive  to  PCDD/Fs  or  PCBs,  are  known  to 
accumulate  these  substances  in  their  tissues,  and  can  potentially  transfer  these  to  higher  trophic 
levels  since  they  are  an  important  food  source  for  higher  predators  such  as  fish.  Based  on  the 
study  by  Milani  and  Grapentine  (2007),  these  organisms  comprise  the  majority  of  the  benthic 
fauna  at  most  of  the  locations  sampled  and  therefore  are  both  present  and  highly  exposed; 
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•  Young-of-the-year  (YOY)  yellow  perch  inhabit  the  shallow  protected  areas  along  the  banks,  and 
in  protected  embayments  at  the  mouth  of  the  Trent  River.  They  feed  on  invertebrates  and  can 
accumulate  and  transfer  PCDD/Fs  and  PCBs  to  predators.  They  are  similar  in  this  regard  to  many 
other  small-bodied  fishes,  so  YOY  yellow  perch  are  considered  a  good  surrogate  forage  fish 
species; 

•  Yellow  perch  is  a  common  resident  fish  that  is  present  in  all  life  stages  within  the  study  area.  Its 
diet  includes  invertebrates  and  fish,  from  which  it  may  accumulate  COCs.  As  a  common  prey 
item,  and  a  sport  fish,  yellow  perch  is  considered  a  suitable  receptor; 

•  Brown  bullhead  is  a  common  resident  fish  that  is  present  in  all  life  stages  within  the  study  area.  It 
is  a  bottom  feeder  on  invertebrates,  vegetation  and  small  fish.  As  small  bullhead  are  a  common 
prey  item  and  larger  fish  are  taken  by  anglers,  bullhead  is  considered  a  suitable  receptor. 

•  Walleye  is  a  migratory  fish  that  spawns  in  the  riverine  portion  of  the  study  area  and  may  spend  a 
portion  of  its  life  in  the  general  vicinity  of  the  lower  Trent  River  and  Bay  of  Quinte.  It  is  an 
important  predator  of  yellow  perch  and  other  small-bodied  fish,  but  beyond  four  years  of  age  it 
tends  to  migrate  out  of  the  Bay  of  Quinte  each  year  to  feed  in  Lake  Ontario.  As  the  key  sportfish 
within  the  Bay  of  Quinte,  walleye  is  an  important  potential  receptor  that  must  be  considered. 

The  PCDD/Fs  and  PCBs  are  bioaccumulative,  and  are  known  to  biomagnify  through  higher  trophic 
levels.  Therefore,  the  potential  effects  of  these  COCs  are  not  limited  to  toxic  effects  on  the  aquatic  biota 
that  are  directly  exposed  to  these  substances  in  either  the  water  column  or  in  sediments.  As  a  result,  the 
potential  exposure  of  aquatic  biota  to  these  COCs  is  also  considered  in  terms  of  direct  uptake  from  water 
or  sediments  and  the  potential  transfer  of  accumulated  tissue  residues  to  consumers  of  these  organisms. 
Since  it  has  been  shown  that  there  are  elevated  levels  of  some  of  these  substances  in  aquatic  biota  at  the 
site  (i.e.,  benthic  organisms  and  fish),  the  effects  of  PCDD/F  and  dl-PCB  accumulation  in  terrestrial 
predators  on  aquatic  species  must  also  considered.  The  selection  of  terrestrial  receptors  that  could  be 
exposed  to  PCDD/Fs  and  PCBs  from  the  site  through  their  diet  is  discussed  in  the  following  subsection. 

The  metals  of  potential  concern  are  not  known  to  biomagnify  through  trophic  levels.  Similarly,  while 
PAH  compounds  are  hydrophobic  and  lipophilic,  most  vertebrates  will  metabolize  PAHs,  and  therefore 
there  is  little  or  no  biomagnification  of  the  parent  compounds  (Varanasi  et  al.,  1985).  In  aquatic 
organisms,  metals  concentrations  in  tissues  are  regulated  physiologically,  and  as  noted  above,  none  of  the 
metals  of  concern  are  known  to  biomagnify.  Similarly,  in  fish,  PAH  compounds  are  metabolized,  with 
little  potential  for  food  chain  bioaccumulation.  Therefore,  birds  and  mammals  would  not  be  expected  to 
be  exposed  to  these  COCs  through  ingestion  of  prey,  and  exposure  would  be  limited  to  exposure  to 
surface  water  on  the  occasions  they  range  into,  and  drink,  in  nearshore  areas.  As  such,  higher  order 
predators,  such  as  birds  and  small  mammals  are  not  considered  as  sensitive  receptors  to  potentially 
elevated  levels  of  these  COCs  in  surface  water.  These  species  will  typically  spend  only  a  fraction  of  their 
life  history  in  the  area,  and  even  within  the  greater  area,  will  be  highly  mobile.  Therefore,  these  species 
are  not  likely  to  be  sensitive  measures  of  potential  adverse  effects  or  risks  due  to  release  of  PAHs  or 
water-soluble  metals. 

Therefore,  the  approach  has  been  taken  that  there  is  a  need  to  assess  risks  from  exposure  to  the  metals  and 
PAHs  only  for  those  species  that  spend  their  entire  life  stages  in  the  aquatic  environment,  are  in  direct 
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contact  with  sediment  sources,  and  therefore  are  likely  to  be  most  highly  exposed.  This  is  limited  in  the 
study  area  to  benthic  invertebrates. 

The  receptor  characteristics  are  summarized  below. 

Daphnia: 

Daphnia,  known  commonly  as  "water  fleas"  because  of  their  size  (1-2  mm),  body  shape  and  jerky 
swimming  motion,  are  actually  small  crustaceans  and  comprise  a  number  of  species  that  are  common 
constituents  of  zooplankton  communities  in  ponds,  wetlands,  slow-moving  streams  and  lakes.  Daphnia 
feed  on  planktonic  algae  and  are,  therefore,  first  order  consumers  in  the  aquatic  food  web.  Daphnia  and 
other  similar  zooplankton  are,  in  turn,  primary  food  sources  for  larval  and  juvenile  fish,  and  some  adult 
fish  as  well.  Daphnids  could  be  exposed  through  ingestion  of  seston  in  the  water  column. 

While  daphnids  were  not  tested  directly,  Loonen  et  al.  (1997)  note  that  pelagic  invertebrates  are  not 
considered  susceptible  to  the  toxic  effects  of  PCDD/Fs  and  dl-PCBs,  since  these  organisms  appear  to  lack 
the  aryl  hydrocarbon  (Ah)  receptor  through  which  the  effects  of  these  COCs  are  expressed.  Wu  et  al 
(2001a)  noted  that  Daphnia  magna  were  not  sensitive  to  high  doses  of  TCDD  (up  to  1000  ng/ml),  but  that 
there  was  some  potential  for  reproductive  impairment  (though  a  dose-response  relationship  could  not  be 
determined).  Therefore,  planktonic  invertebrates  are  considered  to  be  at  low  risk  due  to  the  relatively  low 
concentrations  of  PCDD/Fs  and  dl-PCBs  measured  in  the  water  column  (Table  A-7). 

Chironomids  and  Oliqochaetes 

Chironomids  and  oligochaetes  are  sediment-dwelling  organisms  that  typically  feed  on  sediment  micro- 
flora. In  the  process,  they  ingest  considerable  quantities  of  sediment,  and  thus  could  be  directly  exposed 
to  the  COCs  through  ingestion.  As  well,  since  they  inhabit  the  sediment  matrix,  they  can  potentially  be 
exposed  through  cutaneous  sorption  from  porewater. 

The  effects  of  COCs  in  sediments  are  assessed  directly  on  benthic  organisms  through  the  toxicity  tests 
conducted  by  Environment  Canada  (Milani  and  Grapentine  2007)  since  TRVs  are  not  available  for 
benthic  organisms.  Loonen  et  al.  (1996)  and  West  et  al.  (1997)  both  note  that  benthic  invertebrates  lack 
the  Ah  receptor  through  which  the  effects  of  PCDD/Fs  and  dl-PCBs  are  expressed,  and  therefore,  these 
substances  are  unlikely  to  exhibit  toxicity  to  aquatic  invertebrates.  This  is  supported  by  the  results  of 
toxicity  tests  conducted  by  West  et  al.  (1997)  where  chironomids  and  oligochaetes  exposed  to  dietary 
concentrations  up  to  3000  ng  2,3,7,8-TCDD  (i.e.,  3000  ng/g  TEQ)/g  of  food  showed  no  significant 
responses.  As  such,  the  primary  reason  for  including  benthic  organisms  is  as  a  vector  for  PCDD/F  and  dl- 
PCB  accumulation  in  higher  trophic  levels. 
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Younq-of-the-Year  Yellow  Perch 

Young-of-the-year  (YOY)  yellow  perch  (Perca  flavescens)  are  known  to  occur  in  the  shallow  protected 
areas  along  the  banks,  and  in  protected  embayments  at  the  mouth  of  the  Trent  River.  They  feed  on  aquatic 
invertebrates,  including  benthic  organisms,  and  can  accumulate  PCDD/Fs  and  PCBs  which  are  transferred 
to  predatory  fish,  birds  and  mammals.  Their  tissue  concentrations  of  COCs  tend  to  be  site-specific,  as 
they  do  not  range  far.  These  attributes  are  similar  to  many  other  small-bodied  fishes,  so  YOY  yellow 
perch  are  considered  a  good  surrogate  species.  As  such  they  are  included  as  a  vector  for  PCDD/F  and  dl- 
PCB  accumulation  in  higher  trophic  levels. 

Yellow  Perch 

Yellow  perch  (Perca  flavescens)  occupy  the  study  area  during  all  life  stages,  and  continue  to  feed  on 
benthic  organisms  and  small  fish.  As  they  mature,  their  range  includes  deeper  areas,  but  they  continue  to 
forage  in  shallow  areas  as  well.  Perch  found  within  the  study  area  likely  spend  their  lives  in  the  general 
vicinity  of  the  west  end  of  the  Bay  of  Quinte  near  the  Trent  River  mouth  and  in  quiet  areas  within  the 
river,  and  would  be  unlikely  to  migrate  extensively  to  other  areas  of  the  Bay  or  to  Lake  Ontario.  As  a 
common  resident  fish  species  subject  to  consumption  by  both  wildlife  and  humans,  yellow  perch  is 
considered  a  suitable  receptor.  As  such,  they  could  be  continuously  exposed  to  sediment  sources  of 
PCDD/Fs  and  dl-PCBs  and  are  included  as  a  vector  for  PCDD/F  and  dl-PCB  accumulation  in  higher 
trophic  levels  as  well  as  a  receptor  in  their  own  right  with  potential  toxic  effects  of  the  COCs  related  to 
reproductive  effects. 

Brown  Bullhead 

Brown  bullhead  (Ameiurus  nebulosus)  are  a  relatively  sedentary  species  that  prefers  weedy  productive 
waters  and  are  "bottom  feeders"  that  consume  invertebrates,  small  fish  and  plant  material.  Brown 
bullhead  complete  their  entire  life  cycle  in  the  vicinity  of  the  study  area,  with  migration  limited  to  local 
foraging  and  seasonal  movements.  As  with  yellow  perch,  small  brown  bullhead  have  limited  home  ranges 
and  therefore  could  be  continually  exposed  to  sediment  sources  and  may  accumulate  PCDD/Fs  and  dl- 
PCBs.  As  a  typical  prey  item  of  fish-eating  birds,  they  can  transfer  PCDD/Fs  and  PCBs  to  predators  such 
as  herons  and  cormorants.  Similar  to  perch,  adult  bullhead  likely  spend  their  lives  in  close  proximity  to 
the  Trent  River  mouth  area  and  western  end  of  the  Bay,  as  habitat  conditions  are  similar  throughout.  As  a 
common  resident  fish  species  that  focuses  on  shallow  habitats,  and  a  benthic  feeder  that  is  consumed  by 
wildlife  and  humans,  brown  bullhead  is  considered  a  suitable  receptor.  As  such,  they  are  included  as  a 
vector  for  transfer  of  COCs  to  higher  trophic  levels  and  also  as  a  potentially  affected  receptor,  particularly 
with  respect  to  potential  reproductive  effects. 

Walleye 

Walleye  (Sander  vitreus)  are  relatives  of  the  yellow  perch,  and  are  a  key  predator  of  smaller  yellow  perch, 

but  their  habits  and  habitat  preferences  are  distinctively  different.  Walleye  are  adapted  to  low  light 
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conditions,  whereas  the  yellow  perch  is  active  during  daylight  hours.  Unless  turbid  water  conditions 
prevail,  walleye  tend  to  occupy  deeper  areas  during  the  day  and  only  come  into  shallow  water  at  night  and 
under  rough  weather  conditions  when  light  levels  are  lower.  Walleye  spawning  habitat  in  the  study  area  is 
limited  to  the  furthest  upstream  portion  of  the  Trent  River.  Larval  and  juvenile  walleye  habitat  is  located 
out  in  the  Bay  of  Quinte.  Walleye  are  migratory,  with  individuals  beyond  four  years  of  age  tending  to 
leave  the  Bay  of  Quinte  to  feed  in  Lake  Ontario.  As  the  key  sportfish  within  the  Bay  of  Quinte,  walleye  is 
an  important  potential  receptor  that  must  be  considered.  Although  small  walleye  may  be  preyed  upon  by 
various  species,  walleye  are  included  primarily  as  a  potentially  affected  receptor  that  may  accumulate 
COCs  through  ingestion  of  prey  and  could  suffer  reproductive  effects  as  a  result. 

Receptor  Activity  Patterns 

Daphnids  and  benthic  organisms  are  considered  to  be  exposed  during  their  entire  life  span.  In  the  case  of 
chironomids  and  mayflies,  this  is  until  emergence  as  adults.  As  such,  these  organisms  could  continually 
be  exposed  to,  and  accumulate,  the  COCs. 

Small  fish  such  as  young-of-the-year  and  juvenile  yellow  perch  are  considered  potentially  exposed  during 
the  entire  juvenile  stage,  when  these  fish  are  likely  to  be  present  in  shallow  nearshore  habitats  on  a 
continual  basis  and  within  a  small  home  range. 

Yellow  perch  and  brown  bullhead  habitat  requirements  for  all  life  stages  are  met  in  the  vicinity  of  the 
Trent  River  mouth.  While  neither  species  is  highly  migratory,  their  foraging  and  seasonal  movements 
likely  include  the  general  area  of  the  river  mouth,  extending  upstream  in  quiet  areas  and  offshore  into  the 
west  end  of  the  Bay.  These  fish  are  therefore  likely  to  be  exposed  to  some  extent  during  all  life  stages, 
depending  upon  the  extent  to  which  they  forage  in  the  various  areas.  As  such,  they  could  potentially 
accumulate  COCs  throughout  their  life  span. 

As  far-ranging  migratory  fish  with  a  preference  for  low  light  conditions  and  therefore  deeper  water, 
walleye  are  considered  to  be  exposed  to  COCs  derived  from  the  lower  Trent  River  during  those  periods 
when  the  fish  range  into  the  area  to  feed.  Exposure  may  be  greatest  in  young  walleye  up  to  age  four, 
which  tend  to  remain  in  the  Bay  of  Quinte,  but  their  habits  likely  result  in  exposure  to  a  broad  area 
including  the  lower  Trent  River  and  the  west  end  of  the  Bay.  Beyond  age  four,  walleye  begin  to  make 
annual  feeding  migrations  out  to  Lake  Ontario,  which  would  decrease  their  exposure  to  the  lower  Trent 
study  area,  but  may  expose  them  to  the  same  COCs  which  are  present  within  the  Lake  Ontario  food  web. 

3.4.2      Terrestrial  Receptors 

As  diet  is  such  an  important  route  of  exposure  to  the  COCs,  the  selection  of  terrestrial  receptors  is 

weighted  toward  those  species  that  feed  on  benthos  and/or  fish.  The  existing  environment  of  the  lower 

Trent  River  in  Trenton  is  greatly  influenced  by  the  surrounding  urban  and  recreational  development,  such 

that  it  presents  limited  habitat  for  most  terrestrial  species  that  would  feed  on  aquatic  organisms.  Most  of 

the  areas  of  soft  sediment  accumulation  are  along  the  river  banks,  which  are  no  longer  in  a  natural 
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condition.  They  have  been  filled,  hardened  and  otherwise  altered  such  that  riparian  vegetation  is  sparse 
and  access  to  shallow  water  is  impaired. 

Wildlife  species  that  are  sensitive  to  human  disturbance  and/or  have  specific  habitat  requirements  that 
involve  extensive  vegetation  or  isolation  from  nest  predators  are  not  considered  likely  to  inhabit  the  Trent 
River  mouth.  As  such,  otter,  bald  eagle  and  osprey  are  not  considered,  despite  their  piscivory.  Gulls  and 
terns  are  not  considered,  as  their  specific  nesting  requirements  are  not  likely  to  be  met  in  the  area. 
Although  gulls  and  terns  may  be  observed  foraging  at  the  river  mouth,  they  are  wide-ranging  and  are 
therefore  not  considered  likely  to  be  as  exposed  to  the  site  COCs  relative  to  more  sedentary  species. 
Similarly,  wading  shorebirds  such  as  sandpipers  do  not  find  the  beach  and  mudflat  habitats  they  require 
for  foraging,  and  are  too  sensitive  to  human  disturbance  to  nest  in  the  study  area.. 

While  the  lack  of  cover  and  urban  influence  likely  precludes  or  severely  limits  the  presence  of  fish-eating 
mammals,  mink  has  been  included  as  a  receptor  because  of  its  sensitivity  to  the  COCs  and  its  ability  to 
persist  in  relatively  close  proximity  to  human  settlements.  Mink  may  already  be  present  in  the  study  area, 
as  their  nocturnal  habits  would  help  them  avoid  disturbance  by  humans.  Alternatively,  if  absent,  mink 
could  return  if  riparian  areas  were  naturalized  in  the  future.  Raccoon  was  briefly  considered,  but  in  an 
urban  setting  is  considered  unlikely  to  rely  as  heavily  on  aquatic  foods.  In  addition,  raccoon  access  to  the 
contaminated  areas  is  limited  by  water  depth  and  shoreline  development.  The  mink  is  considered  a  much 
more  sensitive  receptor  for  the  purpose  of  assessment,  although  its  exposure  to  prey  items  throughout  the 
study  area  would  be  limited  to  nearshore  shallows  where  those  areas  exist. 

The  lack  of  bank-side  vegetation,  coupled  with  the  water  depths  in  areas  of  known  contamination  will 
preclude  direct  contact  by  fish-eating  bird  species  such  as  kingfishers.  Potential  nesting  and  foraging 
habitat  of  belted  kingfisher  likely  exists  only  in  the  upper  riverine  areas,  so  this  species  was  not 
considered.  Great  blue  heron  nest  only  in  isolated  areas;  however,  they  may  forage  in  limited  shallow 
areas  at  the  river  mouth,  where  exposure  to  contamination  in  the  various  areas  may  occur  to  some  extent 
as  small  fish  move  into  shallows  where  they  are  susceptible  to  capture,  so  this  species  has  been 
considered. 

Diving  piscivores  such  as  common  merganser  and  double  crested  cormorant  have  much  greater  scope  for 
exposure,  as  they  can  forage  in  all  parts  of  the  study  area.  Although  the  presence  of  common  merganser 
on  anything  beyond  a  transient  basis  may  be  limited  by  a  lack  of  nesting  habitat,  this  species  is  included 
to  allow  for  its  potential  presence,  particularly  should  riparian  naturalization  occur  in  future.  The 
cormorant  was  assumed  to  be  present,  as  this  species  may  travel  many  kilometres  from  roosts  and  nesting 
sites  to  favourite  foraging  areas,  and  the  productive  Trent  River  mouth  and  west  end  of  the  Bay  of  Quinte 
undoubtedly  attracts  some  of  these  birds. 

Dabbling  ducks  are  likely  to  be  present  in  most  of  the  protected  areas,  such  as  the  marina,  and  in  the 
various  embayments  along  the  shoreline  where  current  velocity  is  reduced.  Mallard  is  a  common  dabbling 
duck  that  thrives  close  to  human  settlements.  Aquatic  invertebrates  figure  prominently  in  its  diet, 
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especially  for  the  young  and  nesting  females,  but  this  species  also  consumes  a  considerable  proportion  of 
vegetation,  particularly  the  seeds  of  wild  and  cultivated  plants. 

A  limited  group  of  species  is  likely  to  be  present,  based  on  site  conditions  related  to  human  settlement  and 
activities.  The  species  considered  are  those  that  typically  feed  on  fish  and  invertebrates  in  Great  Lakes 
river  mouth  and  harbour  areas,  and  are  most  likely  to  include  the  study  area  as  a  significant  foraging  area 
now  or  under  reasonable  future  scenarios.  These  assumptions  provide  a  means  to  conduct  the  risk 
assessment  with  a  reasonable  number  of  receptor  species,  of  a  range  of  sensitivities  and,  thus,  ensures  that 
the  risk  assessment  has  been  conducted  in  a  conservative  manner.  As  well,  if  shoreline 
alteration/improvement  is  undertaken  in  the  future  that  results  in  enhanced  shoreline  habitat,  these  species 
could  potentially  be  present.  Therefore,  the  risk  assessment  is  conducted  using  the  following  species: 

•  Mallard 

•  Common  Merganser 

•  Great  Blue  Heron 

•  Double-crested  Cormorant 

•  Mink 

The  above  receptors  are  considered  to  be  potentially  exposed  to  PCDD/Fs  and  PCBs  through  ingestion  of 
contaminated  prey.  As  noted  in  Section  3,  they  are  not  likely  to  be  exposed  to  metals  or  PAHs,  and 
therefore  they  are  assessed  only  in  relation  to  PCDD/F  and  PCB  contamination.  Due  to  the  low  solubility 
of  these  substances  in  water,  the  only  route  of  exposure  that  is  considered  reasonable  is  through  ingestion. 
The  receptor  characteristics  are  summarized  below. 

Mallard 

The  U.S.  EPA  (1993)  describes  the  mallard  (Anas  platyrhynchos)  as  a  surface-feeding  or  so-called 
"dabbling"  duck  that  feeds  in  shallow  areas  of  wetlands  and  the  quiet  weedy  margins  of  rivers  and  lakes. 
Optimal  foraging  depth  ranges  up  to  0.4  meters,  which  limits  this  duck's  feeding  to  the  margins  of  the 
study  area,  except  when  aquatic  insects  such  as  midges  emerge  as  adults  from  deeper  areas.  The  mallard 
diet  includes  natural  and  cultivated  plant  material,  especially  the  seeds,  with  only  minor  contributions  of 
tubers  and  foliage.  However  aquatic  invertebrates  make  up  a  considerable  proportion  of  the  diet, 
particularly  for  adult  females  during  the  nesting  season,  to  meet  the  demands  of  egg  production,  and  also 
for  the  rapidly  growing  young  of  both  sexes. 

As  plants  are  unlikely  to  accumulate  significant  concentrations  of  PCDD/Fs  and  dl-PCBs,  it  is  the 
consumption  of  aquatic  invertebrates  by  mallards  that  constitutes  the  primary  dietary  exposure  to  these 
COCs.  As  such,  a  conservative  assumption  has  been  adopted  for  the  purpose  of  the  risk  assessment  such 
that  the  modeled  diet  includes  78%  invertebrates,  which  is  similar  to  the  spring  season  proportion  of 
invertebrates  in  the  diet  of  adult  females  (USEPA,  1993).  Body  weight  for  the  purposes  of  the  assessment 
was  set  at  1.134  kg  (Sample  et  ah,  1996),  which  is  the  average  between  the  adult  male  and  female  weights 
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reported  in  U.S.  EPA  (1993).  An  ingestion  rate  of  0.063  kg/kg-b.w./day  (Sample  et  ah,  1996)  was 
selected  for  mallard. 

Common  Merganser 

SDJV  (2004)  provides  a  profile  of  the  common  merganser  (Mergus  merganser),  which  it  describes  as  the 
largest  of  the  three  species  in  North  America,  with  a  circumboreal  distribution  and  breeding  habitat  that 
includes  the  Great  Lakes.  Tree  cavities  and  rock  crevices  are  used  for  nesting,  sometimes  in  locations  far 
from  water,  which  may  limit  the  occurrence  of  this  species  in  the  study  area,  due  to  surrounding  urban 
land  uses.  Nevertheless,  it  is  possible  that  the  merganser  finds  suitable  habitat  in  less  developed  adjacent 
areas  and  is  attracted  to  the  study  area  to  forage.  Wintering  occurs  in  freshwater,  including  rivers  and 
harbours,  and  may  include  residence  in  open  water  portions  of  the  study  area.  Small  fish  are  primary  diet 
items,  with  invertebrates,  frogs,  small  mammals  and  birds  also  consumed.  As  such  a  diet  of  100%  fish, 
represented  by  YOY  yellow  perch,  was  assumed  for  the  purpose  of  this  assessment.  The  B.C.  MOE 
(2001)  listed  a  weight  of  1.5  kg  for  adult  merganser,  and  an  ingestion  rate  of  300  grams/day  or  0.2  kg/kg- 
b.w./day.  As  the  merganser  is  a  diving  duck,  it  can  actively  forage  throughout  the  study  area,  and 
therefore  has  the  potential  to  directly  consume  fish  that  occupy  the  various  areas.  As  a  breeding  pair  of 
mergansers  may  use  2-3  miles  of  a  river  as  a  foraging  range  (TABS  2002),  it  is  possible  that  this  species 
would  forage  freely  throughout  the  entire  study  area. 

Great  Blue  Heron 

The  U.S.  EPA  (1993)  describes  the  great  blue  heron  (Ardea  herodias)  as  the  largest  North  American 
species  of  a  group  of  predatory  wading  birds  that  includes  herons,  egrets  and  bitterns.  It  forages  in  the 
shallows  of  streams,  rivers,  lakes  and  wetlands,  making  use  of  its  long  legs  to  search  water  up  to  0.5 
meters  depth.  This  limits  the  heron  to  the  shallow  margins  of  the  study  area  and  to  the  shallow  areas  of 
the  riverine  section  in  the  upper  study  area.  However  the  heron  may  be  indirectly  exposed  to 
contaminants  in  deeper  sediments,  as  the  small  fish  that  it  captures  in  the  shallows  can  also  forage  in 
deeper  water.  Heron  home  ranges  vary  according  to  habitat,  with  flights  up  to  15  kilometers  recorded 
between  nesting  colonies,  which  are  located  in  quiet  areas  away  from  human  disturbance,  to  foraging 
areas  (USEPA  1993).  For  the  purpose  of  this  assessment,  a  feeding  range  of  0.6  hectares  (U.S.  EPA  1993) 
was  used. 

While  the  heron's  diet  includes  insects,  amphibians,  reptiles,  birds  and  mammals,  the  preferred  prey  are 
fish  up  to  a  maximum  of  approximately  20  centimeters  in  length.  In  the  study  area,  it  is  assumed  that 
great  blue  heron  feed  exclusively  on  small  fish  represented  by  young-of-the-year  yellow  perch,  as  these 
and  other  small-bodied  fish  are  common  in  shallow  areas.  The  average  adult  body  weight  for  great  blue 
heron  is  2.2  kg  and  ingestion  rate  is  0.18  kg/kg-b.w./day  (U.S.  EPA  1993). 
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Double-crested  Cormorant 

The  double-crested  cormorant  (Phalacrocorax  auritus)  is  described  by  USGS  (2007)  as  a  colonial  breeder 
that  feeds  in  depths  up  to  approximately  30  feet,  which  would  encompass  the  range  of  depths  within  the 
lower  Trent  study  area.  As  such,  double-crested  cormorant  are  capable  of  catching  and  consuming  fish 
directly  over  all  of  the  various  areas.  Yellow  perch  dominated  the  diet  of  cormorants,  followed  by  other 
small-bodied  fish  including  centrarchids,  cyprinids,  ictalurids  (likely  bullhead)  and  the  exotic  round  goby, 
at  three  islands  in  the  upper  St.  Lawrence  River  (Johnson  et  al,  2004).  Habitat  and  the  fish  community  in 
the  upper  St.  Lawrence  is  roughly  comparable  to  that  within  the  lower  Trent  study  area,  so  these  results 
are  applicable  to  the  current  study.  Given  the  preference  for  fish  and  the  abundance  of  small-bodied  fish 
of  various  species,  it  was  assumed  for  the  purpose  of  this  study  that  cormorants  fed  entirely  on  small  fish, 
represented  by  YOY  yellow  perch. 

Cormorant  home  range  and  foraging  range  is  variable,  apparently  depending  on  the  distribution  and 
movements  of  prey.  However,  in  radio-tracking  studies  undertaken  in  Oneida  Lake  in  New  York, 
cormorants  showed  foraging  site  fidelity  and  flew  distances  up  to  14  km  between  nesting  and  foraging 
sites  (Coleman  et  al.,  2005).  As  such,  it  is  possible  that  local  cormorants  could  return  repeatedly  to  the 
study  area  to  forage. 

The  USGS  (2007)  listed  1.8  and  1.5  kg  as  adult  male  and  female  body  weights,  respectively.  The  female 
body  weight  was  used,  as  it  is  more  conservative.  Ingestion  rate  was  set  at  0.3  kg/kg-b.w./day,  based  on 
the  assumed  consumption  of  0.47  kg-fish/day  (Johnson  et  al.,  2004)  and  using  the  female  body  weight. 

Mink 

U.S.  EPA  (1993)  describes  mink  (Mustela  vison)  as  the  most  widespread  and  abundant  predator  in  North 
America.  Although  presence  of  mink  in  the  study  area  may  be  doubtful  due  to  the  extensive  shoreline 
development  and  surrounding  urban  area,  it  is  possible  that  mink  may  persist  in  the  remaining  riparian 
areas  upriver  and  in  less  developed  Bay  of  Quinte  shoreline  in  the  vicinity  of  Trenton.  Due  to  the 
proximity  of  these  areas  to  the  mouth  of  the  Trent  River  and  the  lack  of  sediment  data  for  these  areas,  a 
conservative  approach  is  indicated.  Therefore,  the  mink  is  included  as  a  potential  receptor. 

Access  to  shallow  water  and  shoreline  foraging  areas  in  the  lower  portion  of  the  study  area,  as  well  as  the 

limits  imposed  by  depth  over  much  of  the  depositional  areas  restricts  direct  foraging  by  mink  on  aquatic 

animals  in  much  of  the  study  area.  However,  similar  to  the  great  blue  heron,  the  mink  may  be  indirectly 

exposed  as  it  consumes  fish  that  have  moved  inshore  from  deeper  areas.  While  the  U.S.  EPA  (1993)  lists 

a  wide  range  of  diet  composition  for  this  opportunistic  predator,  the  mink  is  known  to  concentrate  on  fish 

and,  to  a  lesser  extent,  crayfish,  in  some  instances.  U.S.  EPA  (1993)  note  that  the  diet  of  mink  is  typically 

comprised  of  approximately  63%  fish  and  11%  crayfish.  Since  suitable  data  for  large  invertebrates,  such 

as  crayfish,  are  lacking,  a  conservative  approach  has  been  taken  that  assumes  a  primarily  aquatic  diet 

comprised  of  100%  fish.  Although  mink  body  weight  is  variable,  one  kilogram  was  chosen,  along  with  an 

ingestion  rate  of  0.137  kg/kg-b.w./day  (U.S.  EPA  1993). 
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Receptor  Activity  Patterns 

Mallards  and  common  mergansers  are  assumed  to  be  present  in  the  areas  throughout  the  year.  While  adult 
birds  have  a  large  feeding  area  (111  to  468  ha  for  mallard  according  to  data  in  U.S.  EPA  (1993)),  and 
therefore  are  likely  to  feed  in  the  study  area  only  a  fraction  of  the  time,  for  the  purposes  of  the  risk 
assessment  the  birds  are  assumed  to  be  present  100%  of  the  time.  Mallards  and  common  mergansers  are 
often  present  in  southern  Ontario  throughout  the  winter  months,  congregating  in  areas  where  there  is  open 
water.  As  such,  it  is  assumed  that  in  the  lower  Trent,  the  birds  will  be  present  throughout  the  year.  While 
these  assumptions  are  recognized  as  being  very  conservative,  it  ensures  that  the  risk  assessment  is 
conducted  to  conservative  standards. 

Great  blue  heron  are  assumed  to  be  present  and  foraging  on  small  fish  during  the  open  water  period.  This 
species  overwinters  in  areas  where  there  is  shallow  open  water,  such  as  small  streams,  and  are  also  known 
to  supplement  their  winter  diet  with  terrestrial  food  sources  such  as  voles.  For  the  purposes  of  this 
assessment,  it  is  assumed  that  great  blue  herons  forage  entirely  within  the  study  area  during  an  eight- 
month  open  water  period.  Although  local  herons  likely  forage  in  a  wider  area  in  the  western  Bay  of 
Quinte  area,  this  assumption  maintains  a  conservative  approach  to  assessing  potential  risk  to  herons. 

Double  crested  cormorant  are  assumed  to  be  present  year-round,  similar  to  mallard  and  merganser,  as 
they  may  forage  in  areas  that  remain  open  due  to  river  flow.  Upstream  portions  of  the  study  area  that  may 
stay  open  year-round  due  to  turbulent  flow  are  likely  too  shallow  and  fast-flowing  for  this  species.  Similar 
to  the  other  receptors,  the  cormorant  was  assumed  to  exhibit  100%  site  fidelity  for  foraging.  This 
assumption  maintains  the  necessary  degree  of  conservatism  in  the  assessment  of  potential  risks  to  this 
species. 

Likewise,  mink  were  assumed  to  forage  entirely  within  the  study  area  and  on  a  year-round  basis.  As  mink 
are  unlikely  to  migrate  great  distances  to  feed,  this  assumption  is  reasonable  and  conservative,  as  much  of 
the  lower  end  of  the  study  area  would  likely  be  inaccessible  beneath  the  ice. 

3.5         Conceptual  Model 

The  conceptual  site  model  is  provided  in  Figure  11.  Since  under  the  Terms  of  Reference  the  assessment  is 
to  be  based  on  existing  information,  certain  pathways  are  not  assessed  directly.  For  example,  data  on 
vegetation  uptake  is  lacking.  However,  since  vegetation  has  been  shown  to  generally  not  accumulate  these 
substances  to  any  significant  extent  (e.g.,  Eisler  and  Belisle  1995),  the  lack  of  vegetation  data  is  not 
considered  significant. 

The  Conceptual  Site  Model  (CSM)  focuses  on  the  major  pathways  of  exposure.  Since  the  fate  of 

PCDD/Fs  and  dl-PCBs  is  generally  complexation  with  particulate  matter  (discussed  in  more  detail  in 

Section  3.6),  the  major  source  is  considered  to  be  the  sediments.  Water  quality  monitoring  has  indicated 

that  very  low  concentrations  of  these  substances  have  been  detected  in  the  water  column.  Therefore,  the 

major  pathways  of  exposure  are  considered  to  be  via  those  organisms  that  are  in  direct  contact  with 
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sediment  sources  and  in  turn  become  a  source  of  food  and  contaminants  to  organisms  at  higher  trophic 
levels.  Benthic  invertebrates  are  directly  exposed  to  sediment  sources,  and  data  currently  exists  on  tissue 
residues.  Young  fish,  while  exposed  to  water  column  sources  during  early  growth,  quickly  change  over  to 
benthic  invertebrates  within  the  first  year  of  life,  after  which  exposure  is  primarily  from  sediment  sources 
via  ingestion  of  benthos. 

Since  PCDD/Fs  and  dl-PCB  have  been  shown  to  bioaccumulate  and  biomagnify  through  trophic  levels, 
the  major  exposure  route  for  species  that  feed  on  benthos  and  fish  is  through  ingestion.  Hence,  the  risk 
assessment  includes  both  fish-eating  birds  and  mammals.  Exposure  through  water  sources  has  not  been 
considered  in  the  CSM,  since  available  data  (Table  A-7)  indicates  that  water  concentrations  of  these 
substances  are  negligible,  and  therefore,  water-borne  sources  would  not  be  significant. 

3.6         Fate  and  Transport 

Fate:  Dioxins  and  Furans 

PCDD/Fs  are  hydrophobic,  non-polar,  highly  stable  compounds.  They  are  sparingly  soluble  in  water,  with 
logKows  that  range  from  6.2  for  2,3,7,8-TCDD  to  8.2  for  OCDD  (Smith  et  al.  1988).  In  the  aquatic 
environment,  PCDD/F  compounds  show  a  strong  affinity  for  organic  carbon,  and  readily  form  complexes 
(through  electrostatic  bonding)  with  particulate  or  dissolved  organic  matter.  As  such,  these  compounds 
are  rarely  found  in  the  dissolved  phase.  It  should  be  noted  that  the  apparent  solubility  of  PCDD/F  can  be 
enhanced  by  the  presence  of  dissolved  organic  matter  and  the  formation  of  complexes  with  these 
substances.  Smith  et  al.  (1988)  and  Knezovitch  et  al.  (1989)  note  that  PCDD/Fs  are  lipophilic,  and  are 
typically  accumulated  in  organisms,  with  sequestration  primarily  in  adipose  tissues. 

PCDD/Fs  are  considered  to  exert  their  toxic  effects  in  biota  through  binding  to  the  aryl  hydrocarbon  (Ah) 
receptor,  which  is  present  in  most  vertebrates,  but  has  not  been  found  in  most  invertebrates.  While  some 
PCB  compounds,  such  as  the  ortho-substituted  PCBs  do  not  bind  to  the  Ah  receptor,  Giesy  and  Kannan 
(1998)  have  indicated  that  the  AhR-mediated  effects  are  the  critical  effects  on  test  animals.  An  assessment 
of  the  toxicity  of  PCDD/Fs  has  found  that  2,3,7,8-T4CDD  has  shown  the  greatest  affinity  for  binding  to 
the  Ah  receptor,  and  as  a  result  tends  to  exert  the  greatest  toxic  effect  (van  den  Berg  et  al.  1998). 
Consequently,  a  system  has  been  developed  that  considers  the  toxicity  of  other  PCDD/F  congeners 
relative  to  the  toxicity  of  2,3,7, 8-T4CDD  and  to  this  end  a  set  of  toxicity  equivalence  factors  (TEFs)  has 
been  developed.  Since  the  toxic  equivalency  of  the  various  congeners  has  been  found  to  vary  among 
receptor  groups,  separate  TEFs  have  been  developed  for  fish,  birds  and  mammals.  The  current  assessment 
uses  the  WHO  1997  TEFs  developed  for  birds  and  fish  (van  den  Berg  et  al.  1998),  and  the  WHO 
mammalian  TEFs  revised  in  2005  (WHO  2005). 

The  toxicity  studies  upon  which  the  TEFs  are  based,  summarized  in  van  den  Berg  et  al.  (1998),  indicate 

that  the  individual  toxicities  of  the  PCCDD/F  and  dl-PCB  congeners  are  additive,  since  they  all  operate 

through  similar  mechanisms.  As  a  result,  the  common  practice  has  been  to  assess  the  toxicity  of  these 

substances  through  the  application  of  the  TEFs  to  the  individual  congeners  and  the  summation  of  the 
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individual  toxicities  for  each  congener  to  determine  a  total  toxic  equivalency  (TEQ)  for  the  PCDD/F  and 
dl-PCB  congeners  present.  This  approach  has  been  followed  in  this  assessment,  where  exposure  of 
receptors  is  generally  expressed  as  a  total  TEQ. 

A  review  of  accumulation  of  PCDD/Fs  in  aquatic  organisms  indicates  that  in  most  fish  species,  the 
primary  site  of  accumulation  is  adipose  tissue  (i.e.,  lipids),  followed  by  organs  and  muscle  (though  most 
reviews  indicate  that  it  is  sequestered  in  adipose  stores  in  muscle,  rather  than  muscle  tissue  itself)  (Jones 
et  al.  2001,  Nichols  et  al.  1998,  Wu  et  al.  2000,  2001).  Jones  et  al.  (2001)  and  Giesy  et  al.  (2001)  note 
that  PCDD/Fs  are  also  sequestered  in  the  reproductive  organs  in  fish,  and  can  be  transferred  to  developing 
eggs.  Guiney  et  al.  (1996)  note  that  in  salmonids  the  major  route  of  exposure  for  eggs  and  embryos  is 
through  maternal  transfer. 

Jones  et  al.  (2001)  and  Johnson  et  al.  (1998)  note  that  PCDD/Fs  can  be  metabolized  by  fish  and  other 
vertebrates  that  possess  the  aryl  hydrocarbon  (Ah)  receptor.  Metabolic  processes,  therefore,  likely  account 
for  some  loss  of  PCDD/Fs  through  transfer  to  higher  trophic  levels.  As  well,  Jones  et  al.  (2001)  indicate 
that  elimination  rates  of  PCDD/Fs  in  fish  (through  metabolic  processes)  can  result  in  attainment  of  a 
steady-state  in  fish  tissue.  The  results  of  these  studies  also  indicate  that  combined  loss  of  PCDD/Fs 
through  depuration  and  metabolism  is  generally  greater  than  loss  of  dl-PCBs,  which  tend  to  have  lower 
elimination  rates. 

The  accumulation  pattern  in  fish  in  the  lower  Trent  River  of  the  PCDD/F  congeners,  as  reviewed  in 
Section  3,  indicates  that  in  many  fish  species,  there  is  preferential  accumulation  of  the  lower  chlorinated 
congeners.  Tissue  residues  of  higher  chlorinated  congeners,  such  as  the  hepta-  and  octa-chlorinated 
compounds  are  generally  low,  and  this  has  important  implications  for  exposure  of  those  organisms 
feeding  on  fish.  These  results  are  consistent  with  many  of  the  studies  cited  above  on  fish  and  terrestrial 
vertebrates  that  note  low  or  negligible  accumulation  of  the  higher  chlorinated  compounds. 

PCDD/Fs  are  also  readily  transferred  to  terrestrial  organisms  through  ingestion,  and  this  pathway 
accounts  for  accumulation  of  these  compounds  in  many  predatory  bird  species  (e.g.,  U.S.  EPA  2003). 
Fish-eating  birds  in  particular  are  considered  at  risk  due  to  accumulation  from  aquatic  food  webs  (Eisler 
and  Belisle  1996).  Since  accumulation  is  typically  from  contaminated  invertebrates  and  fish, 
accumulation  patterns  in  birds  and  mammals  will  reflect  the  congener  accumulation  patterns  of  the  prey. 
Not  all  PCDD/Fs  are  accumulated  by  fish,  and  in  the  lower  Trent  River,  the  higher  chlorinated  congeners 
were  generally  present  in  low  concentrations  in  tissues  despite  their  high  concentrations  in  sediments 
(likely  due  to  binding  affinities  that  reduce  availability  of  the  higher  chlorinated  compounds).  This 
accumulation  pattern  would  also  be  reflected  in  the  tissues  of  fish-eating  birds  and  mammals,  since 
aquatic  biota  would  be  the  major  source  of  these  substances  to  birds  and  mammals.  In  birds,  the 
accumulation  of  PCDD/Fs  appears  to  also  be  into  adipose  tissue  and  reproductive  organs.  As  noted  for 
fish,  accumulation  in  eggs,  through  maternal  transfer,  is  a  significant  fate  for  birds. 
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Fate:  'Dioxin-like'  PCBs 

PCBs  are  also  hydrophobic,  non-polar,  highly  stable  compounds  that  do  not  dissociate  in  water,  and  as  a 
result  are  only  sparingly  soluble  in  water  (logKows  range  from  6.4  for  3,4,4', 5-tetrachlorobiphenyl  (PCB 
81)  to  7.7  for  2,3,3',4,4',5,5'-heptachlorobiphenyl  (PCB  189))  (Eisler  and  Belisle  1996).  Consequently, 
dissolved  concentrations  of  PCBs  in  water  are  generally  negligible  and  their  primary  fate  is  complexation 
to  organic  matter  in  the  water  column  (dissolved  or  suspended  sediments)  or  in  bedded  sediments  through 
formation  of  electrostatic  bonds  (Smith  et  al.  1988).  The  high  logKow  of  these  compounds  also  serves  to 
limit  the  availability  of  these  compounds  from  sediment  to  biota,  since  the  binding  affinity  to  organic 
matter  in  the  sediments  is  high.  As  a  result,  the  major  fate  of  PCBs  released  to  aquatic  systems  is 
adsorption  to  suspended  or  deposited  organic  matter. 

Their  affinity  for  organic  matter  also  ensures  that  these  substances  are  highly  lipophilic.  As  a  result,  they 
are  readily  accumulated  by  aquatic  organisms  through  ingestion  of  contaminated  food  (either  from 
suspended  particulates  or  directly  and  indirectly  from  bed  sediments). 

PCBs  comprise  a  group  of  209  individual  compounds,  of  varying  toxicity.  Those  PCB  compounds 
structurally  similar  to  dioxins  and  furans,  such  as  the  coplanar  and  mono-ortho  congeners  (referred  to  as 
"dioxin-like"  PCBs),  have  been  identified  as  the  most  toxic.  Since  the  coplanar  and  mono-ortho- 
substituted  PCBs  are  structurally  similar  to  dioxins,  their  mode  of  action  is  also  similar  and  accordingly, 
the  toxicity  of  these  congeners  has  been  assessed  relative  to  2,3,7,8-TCDD  (which  has  been  identified  as 
the  most  toxic  of  the  dioxins  and  furans).  As  a  result,  dl-PCBs  are  assessed  through  the  toxic  equivalency 
approach  described  for  PCDD/Fs  in  the  preceding  section.  TEFs  have  been  calculated  for  the  dl-PCB 
congeners  for  fish,  birds  and  mammals,  and  these  are  considered  additive  as  well  (Van  den  Berg  et  al. 
1998). 

In  organism  tissues,  PCBs  are  generally  stored  in  lipids.  Benthic  organisms  typically  accumulate  PCBs 
directly  from  sediments,  primarily  through  ingestion.  Since  they  are  not  readily  metabolized,  the 
accumulated  PCBs  are  typically  transferred  via  ingestion  to  those  organisms  feeding  on  contaminated 
biota.  Since  elimination  rates  also  tend  to  be  low  in  most  organisms,  there  is  potential  for  exposed  biota  to 
accumulate  high  concentrations  of  PCBs  in  their  tissues  that  can  then  be  transferred  to  higher  trophic 
levels,  or  to  their  young. 

Transport 

Since  both  PCDD/Fs  and  dl-PCBs  are  highly  hydrophobic,  the  primary  mechanism  of  distribution  of 

these  compounds  in  aquatic  environments  is  through  dispersion  of  sediments.  The  substances  are  rarely 

present  as  solubilized  compounds,  and  usually  enter  the  aquatic  environment  bound  to  particulate  organic 

matter.  The  typical  fate  is  either  deposition  in  sediments  as  the  particles  settle  to  the  bottom,  or  as 

suspended  matter  if  particle  sizes  are  small  relative  to  current  velocities.  Both  groups  of  substances  can 

also  partition  to  dissolved  organic  matter,  and  it  is  through  this  mechanism  that  these  substances 

sometimes  appear  to  be  present  in  dissolved  form,  though  in  most  cases  they  are  only  present  as 
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apparently  "dissolved".  Uhle  et  al.  (1999),  for  example,  have  shown  that  PCDD/F  and  dl-PCB  apparent 
solubility  is  enhanced  by  the  presence  of  dissolved  humic  acids  in  the  water  column,  with  which  these 
substances  form  complexes.  There  is  indication  in  the  literature  that  binding  to  dissolved  humic  and  fulvic 
compounds  also  reduces  the  potential  bioavailability  of  these  substances  (Akkanen  and  Kukkonen  2003). 
As  a  result,  PCDD/Fs  and  dl-PCBs  can  be  readily  transported  within  aquatic  systems  bound  to  particulate 
organic  matter  (POM)  and  dissolved  organic  matter  (DOM)  and  this  is  considered  as  the  major  dispersion 
mechanism  in  the  lower  Trent  River. 

The  work  conducted  by  Environment  Canada  in  2006  (Milani  and  Grapentine  2006)  indicates  that 
contamination  of  sediments  by  dl-PCBs  and  PCDD/Fs  is  not  confined  to  the  mouth  of  the  Trent  River. 
Sediment  samples  collected  in  the  Bay  of  Quinte,  off  the  mouth  of  the  Trent  River,  indicate  there  are 
elevated  levels  of  both  groups  of  substances  in  off-shore  sediments  as  well  (i.e.,  Environment  Canada 
2006  Station  6507,  Tables  A-l  to  A-3).  Thus,  there  appears  to  have  been  considerable  transport  of 
PCDD/F  and  dl-PCBs  through  the  system,  and  for  the  characterization  of  risks  it  is  assumed  that  the  off- 
shore results  are  characteristic  of  conditions  in  the  western  end  of  the  Bay.  This  may  be  an  overly 
conservative  approach,  but  is  useful  in  predicting  risks  in  the  absence  of  more  complete  data. 

Drogue  studies  and  sediment  trap  studies  conducted  by  Environment  Canada  in  2006,  indicate  that 
longitudinal  transport  of  sediments  is  occurring  in  the  lower  Trent  River.  Thus,  during  periods  of  higher 
kinetic  energy,  there  is  potential  for  downstream  transport  of  contaminated  sediments  from  upstream 
sources,  and  re-distribution  of  these  sediments  within  downstream  areas,  including  the  Bay  of  Quinte.  The 
studies  indicate  that  deposition  is  likely  to  occur  in  protected  embayments,  such  as  Areas  B,  C,  E,  and  at 
the  mouth  (Area  D),  and  the  results  are  consistent  with  chemical  analysis  of  sediments  in  these  areas  that 
found  elevated  levels  of  both  groups  of  substances  in  sediments  in  these  areas.  While  the  results  of  the 
drogue  study  do  not  include  the  adjacent  areas  of  the  Bay  of  Quinte,  the  shallow  depths  of  the  Bay, 
coupled  with  the  flow  volumes  from  the  Trent  River,  suggest  that  suspended  sediment  transported  by  the 
river  could  be  deposited  far  into  the  Bay. 
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4.0        EXPOSURE  AND  RISK  ASSESSMENT 

The  previous  sections  have  identified  the  COCs,  characterized  environmental  concentrations  to  which 
receptors  may  be  exposed,  and  identified  the  receptors  that  may  be  affected  by  the  COCs.  In  this  section, 
the  exposure  of  the  selected  receptors  is  estimated  to  assess  whether  there  is  potential  for  adverse  effects 
due  to  the  measured  concentrations  of  the  COCs  in  sediment.  This  is  then  used  to  estimate  potential  risks 
to  the  selected  receptors. 

The  assessment  is  conducted  separately  for  aquatic  and  terrestrial  receptors.  Each  assessment  is  conducted 
through  a  number  of  steps  that  consist  of: 

•  Review  of  the  scientific  literature  on  toxicity  of  the  COCs  to  the  receptors; 

•  Selection  of  appropriate  toxicity  benchmarks  (i.e.,  the  assessment  endpoints)  against  which 
exposure  of  the  receptors  is  assessed; 

•  Estimation  of  exposure,  based  on  actual  measured  concentrations  in  organism  tissues  or  predicted 
from  known  concentrations  in  food;  and, 

•  Calculation  of  Risk  Quotients  that  provide  a  numerical  indication  of  potential  risk  based  on 
measured  or  predicted  exposure. 

The  exposure  of  aquatic  and  terrestrial  receptors  is  assessed  by  estimating  the  uptake  and  tissue 
accumulation  of  the  COCs.  These  in  turn  are  based  on  direct  measurement  of  tissue  residues  in  receptor 
species,  or  of  predicted  uptake  and  accumulation  based  on  Biota-Sediment  Accumulation  Factors 
(BSAFs)  or  predicted  daily  doses,  calculated  using  standard  equations. 

Exposure  estimates  are  based  on  concentrations  of  the  COCs  in  surficial  (i.e.,  0-10  cm  depth)  sediments. 
This  is  the  depth  to  which  the  majority  of  benthic  organisms,  as  well  as  bottom  foraging  fish,  would  be 
exposed  under  normal  conditions  to  COCs  in  sediments.  While  many  benthic  species  are  typically 
confined  to  the  upper  few  centimetres  due  to  the  low  diffusion  of  oxygen  into  the  sediments,  the 
consideration  of  sediments  up  to  10  cm  depth  accounts  for  the  burrowing  of  some  species,  such  as 
oligochaetes,  that  will  often  burrow  deeper  into  the  sediments.  The  assumption  has  been  made  that  since 
there  is  a  progressive  increase  in  COC  concentrations  with  sediment  depth,  the  surficial  concentrations 
not  only  represent  more  recent  accumulation  and  hence  are  reflective  of  recent  loadings  of  COCs  to  the 
Trent  River,  but  that  the  depth  of  sediments  indicates  these  accumulations  are  relatively  stable.  Therefore 
it  has  been  assumed  that  reasonable  exposure  of  biota  would  be  limited  to  the  surficial  layers.  The 
potential  effects  under  a  catastrophic  exposure  scenario,  wherein  the  deeper,  more  contaminated 
sediments  could  be  exposed,  are  considered  in  Section  4.3 

The  risk  assessment  uses  the  upper  95%  confidence  limits  of  the  mean  concentrations  in  sediments  and 
biota  in  each  of  the  Areas.  Potential  for  adverse  effects  on  the  receptor  species  is  expressed,  where 
possible,  as  risk  quotients  with  respect  to  exceedance  of  the  selected  benchmarks  or  toxicity  reference 
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values  (TRVs),  which  in  most  cases  are  based  on  no  observable  adverse  effects  levels  (NOAELs).  Since 
lowest  observable  adverse  effects  levels  (LOAELs)  typically  represent  effects  levels,  they  are  not  used  as 
screening  benchmarks  in  the  initial  assessment.  The  intent  has  been  to  identify  environmental 
concentrations  of  the  COCs  that  are  unlikely  to  result  in  adverse  effects  on  populations.  Since  the 
LOAELs  for  many  of  the  receptors  considered  are  based  on  reproductive  endpoints,  concentrations  at  the 
LOAEL  could  be  considered  as  having  potential  to  result  in  effects  at  the  population  level.  The  potential 
risks  to  receptors  are  expressed  as  a  Risk  Quotient  (RQ)  that  is  simply  the  ratio  of  the  predicted  daily  dose 
relative  to  the  TRV,  and  is  calculated  as: 

RQ  =      predicted  daily  dose 

Toxicity  Reference  Value 

The  Risk  Quotient  provides  a  simple  numerical  means  by  which  to  assess  the  relative  degree  of  potential 
risk.  A  value  less  than  one  indicates  that  the  concentration  is  below  the  selected  TRV,  and  the  potential 
risk  of  effects,  as  defined  by  the  toxicity  endpoint  selected  (reproductive  effects  in  this  study),  is  low.  A 
value  greater  than  one  indicates  the  potential  for  risks  to  be  present,  but  does  not  mean  that  an  adverse 
effect  will  occur.  Typically,  the  greater  the  value  by  which  the  RQ  exceeds  one,  the  greater  the  potential 
for  risks,  again,  relative  to  the  selected  benchmarks.  In  this  assessment,  where  the  RQ  is  based  on  a 
NOAEL,  additional  TRVs  are  considered  where  a  RQ  >  1  is  calculated.  This  approach  provides  an 
indication  of  how  likely  there  is  to  be  an  actual  adverse  effect,  through  comparison  with  actual  effects 
endpoints  such  as  the  LOAEL,  or  an  intermediate  endpoint  such  as  the  maximum  acceptable  toxicant 
concentration  (MATC).  Therefore,  in  this  risk  assessment,  where  a  TRV  based  on  the  NOAEL  is 
exceeded,  the  exposure  is  assessed  against  the  MATC  that  is  calculated  as  the  geometric  mean  of  the 
NOAEL  and  the  LOAEL,  and  secondarily  against  the  LOAEL,  which  is  the  lowest  concentration  at  which 
a  measurable  effect  has  occurred  in  a  receptor. 

4.1         Aquatic  Biota 

Potential  risks  to  aquatic  biota  are  based  on  direct  measurement  of  tissue  residues  of  the  COCs  that  are 
then  compared  to  toxicity  reference  values  derived  from  the  literature.  The  assessment  preferentially  used 
tissue  residue  data  over  environmental  data  (i.e.,  concentrations  in  water  or  sediment),  since  a  number  of 
studies  have  linked  tissue  residues  directly  to  adverse  effects  in  receptors.  As  well,  tissue  residues  are  a 
direct  expression  of  the  exposure  and  uptake  of  the  substance  by  the  receptor,  and  therefore  eliminate  the 
need  to  predict  bioavailability  from  the  medium  or  bioaccessibility  within  the  organism,  or  to  develop  a 
complete  mechanistic  understanding  of  accumulation.  The  following  subsection  provides  a  review  of  the 
relevant  toxicity  studies  for  aquatic  biota. 

4.1.1      Toxicity  Review 

The  review  of  existing  data  and  the  selection  of  suitable  benchmarks  for  assessing  the  potential  exposure 
and  risks  are  reviewed  in  this  section.  Since  PCDD/Fs  and  dl-PCBs  are  structurally  similar  and  act  on 
organisms  through  similar  mechanisms,  they  are  considered  together  in  the  assessment  of  exposure  and 
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risk.  As  noted  in  Section  3,  aquatic  invertebrates  are  considered  relatively  insensitive  to  the  effects  of 
PCDD/Fs  and  dl-PCBs  due  to  an  apparent  lack  of  the  Ah  receptor.  Therefore,  the  remainder  of  this 
subsection  focuses  on  fish  species,  since  these  have  been  shown  to  be  sensitive  to  the  effects  of  these 
COCs. 

PCDD/Fs  and  dl-PCBs 

The  large  body  of  information  available  on  the  effects  of  PCDD/Fs  and  dl-PCBs  on  fish  indicates  that  the 
eggs  and  embryos  are  the  most  sensitive  life  stages.  In  salmonids,  PCDD/Fs  and  dl-PCBs  have  been 
associated  directly  with  blue  sac  disease  in  embryos,  with  a  number  of  studies  showing  concentration- 
dependent  mortality  in  both  eggs  and  embryos  (Johnson  et  al.  1998,  Giesy  et  al.  2002,  Guiney  et  al.  1996, 
Elonen  et  al.  1998,  Nichols  et  al.  1998).  Mortality  of  eggs  has  been  shown  to  increase  at  concentrations  in 
the  eggs  of  >30  pg  TEQ/g  w.w.  (Elonen  et  al.  1998).  Salmonids  appear  to  be  the  most  sensitive  to  the 
effects  of  these  COCs,  with  effects  in  eggs  and  embryos  at  levels  below  those  reported  by  Elonen  et  al. 
(1998)  for  other  fish  species  (Steevens  et  al.  2005). 

Nichols  et  al.  (1998)  note  that  exposure  of  eggs  and  embryos  can  occur  through  exposure  to  water  or 
through  maternal  transfer  of  diet-sourced  PCDD/Fs  and  dl-PCBs,  though  the  latter  was  identified  as  the 
most  significant  source.  They  note  that  dietary  exposure  of  adult  fish  can  result  in  accumulation  of 
PCDD/Fs  and  dl-PCBs  in  fish  tissues  that  can  be  transferred  to  eggs.  Thus,  sediment  sources  of  PCDD/Fs 
can  directly  or  indirectly  affect  fish  reproduction,  as  well  as  survival  of  both  young  and  adults.  They  also 
note  that  recent  data  suggest  that  the  reduced  accumulation  of  higher  chlorinated  congeners  (i.e.,  those 
with  higher  logKows)  may  be  due  to  chemical  complexation  with  dissolved  organic  matter  (DOM)  that 
results  in  decreased  bioavailability  of  these  substances,  rather  than  large  molecular  size,  as  had  been 
previously  supposed.  As  a  result,  BSAFs  for  some  higher  chlorinated  compounds  tend  to  be  lower  than 
predicted  by  equilibrium  partitioning.  This  is  reflected  in  the  MOE  young-of-the-year  yellow  perch  data 
(and  also  the  Environment  Canada  mayfly  data)  for  the  lower  Trent  River,  where  the  BSAFs  for  the  octa- 
chlorinated  dioxins  and  furans  were  2-3  orders  of  magnitude  lower  than  for  the  tetra-chlorinated 
compounds  (Table  A-2). 

Tietge  et  al.  (1998)  note  that  approximately  39%  of  maternal  tissue  residues  of  2,3,7,8-TCDD  were 
transferred  to  eggs  of  brook  trout  during  development.  They  calculated  that  an  adult  female  tissue  residue 
(whole  body)  of  326  pg/g  w.w.  (that  had  no  apparent  effects  on  the  adult  fish)  resulted  in  50%  mortality 
in  eggs,  at  an  egg  concentration  of  127  pg/g  w.w.  (LC5o).  The  authors  noted  that  a  calculated  LC50  in  eggs 
of  lake  trout  from  a  maternally  delivered  dose,  determined  by  Walker  et  al.  (1994)  (cited  in  Johnson  et  al. 
1998)  of  58  pg  TCDD/  g  egg,  was  very  similar  to  the  LC50  in  eggs  of  69  pg  TCDD/g  egg  as  determined 
from  direct  exposures  of  freshly  spawned  eggs  (Walker  et  al.  1991,  cited  in  Johnson  et  al.  1998). 

In  addition,  Johnson  et  al.  (1998)  noted  that  there  were  significant  differences  in  depuration,  and  that, 

independent  of  dose,  some  of  the  free  embryos  had  depurated  nearly  all  of  the  TCDD  contained  in  the  egg 

when  spawned,  while  others  retained  nearly  all  of  the  TCDD.  They  concluded  that  those  embryos  that 

survived  an  initial  dose  that  exceeded  the  LC5o  were  capable  of  depurating  sufficient  TCDD  to  reduce 
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concentrations  to  sublethal  levels  prior  to  swim-up,  while  those  embryos  that  did  not  survive  were  not 
successful  at  eliminating  sufficient  TCDD. 

Jones  et  al.  (2001)  and  Giesy  et  al.  (2002)  calculated  a  NOAEL  for  2,3,7,8-TCDD  in  the  diet  of  rainbow 
trout  of  <1.8  ng/g  w.w.  based  on  320  day  exposures  at  environmentally  relevant  concentrations  (1.8,  18 
and  90  ng/g  food).  They  also  noted  that  TCDD  concentrations  in  liver  appeared  to  reach  a  steady-state 
between  50-100  days  after  exposure,  with  ovary  and  adipose  tissue  achieving  an  apparent  steady-state 
after  100-150  days.  The  steady-state  was  attributed  to  increased  depuration,  though  it  is  not  clear  if  this 
includes  both  elimination  and  metabolism.  Dietary  assimilation  efficiencies  were  found  to  vary  greatly  for 
dioxin-like  compounds,  which  ranged  from  2%  to  51%  depending  on  the  chemical  structure.  They  note 
that  in  their  experiments,  assimilation  efficiencies  (ranging  from  10%  to  30%)  were  only  determined  over 
the  first  100  days,  prior  to  steady-state  conditions.  After  this  period,  the  authors  found  that  if  assimilation 
kinetics  are  assumed  to  be  first  order  (i.e.,  concentration  dependent),  the  elimination  of  TCDD  became 
significant,  and  the  apparent  uptake  rate  was  no  longer  an  adequate  indicator  of  the  actual  uptake  rate. 

Elonen  et  al.  (1998)  provided  NOAEL  and  LOAEL  concentrations  of  2,3,7,8-TCDD  for  7  fish  species 
based  on  effects  on  egg  hatching  (measured  as  lethality).  The  range  of  concentrations  thus  derived 
indicated  lake  trout  were  the  most  sensitive,  and  that  salmonids  in  general  were  more  sensitive  than  the 
other  species  tested,  a  result  the  authors  suggested  might  be  due  to  the  longer  development  time  for  lake 
trout  eggs.  NOAEL  concentrations  in  other  fish  species  (based  on  egg  mortality)  ranged  from  175  pg/g 
w.w.  egg  in  lake  herring  to  1,190  pg/g  w.w.  egg  in  northern  pike,  while  LOAEL  concentrations  ranged 
from  270  pg/g  w.w.  egg  to  1,800  pg/g  w.w.  egg  in  the  same  species.  By  comparison,  the  effects  level  for 
lake  trout  eggs,  as  noted  above,  has  been  calculated  as  30  pg/g  w.w. 

Steevens  et  al.  (2005)  calculated  SSDs  (species  sensitivity  distributions)  for  2,3,7,8-TCDD  from  literature 
values  that  included  many  of  the  studies  cited  above.  The  SSD  values  were  based  on  the  geometric  mean 
of  NOAELs  and  LOAELs  (i.e.,  the  MATC),  with  egg  and  embryo  development  as  the  preferred  endpoint. 
Calculated  benchmarks  ranged  from  57  pg  TCDD  (egg/embryo)/g  lipid  at  the  99%  level  (i.e., 
concentration  that  would  protect  99%  of  the  species)  to  699  pg  TCDD  (egg/embryo)/g  lipid  at  the  90% 
level  (i.e.,  the  concentration  that  would  protect  90%  of  the  species).  Individual  NOAEL  endpoints  for  the 
species  relevant  to  this  study  were  not  included  in  the  database,  but  related  species  included  the  channel 
catfish,  which  is  similar  in  habitat  to  the  brown  bullhead.  The  NOAEL  for  the  channel  catfish  was 
reported  as  385  pg  TEQ/  g  w.w.  from  the  study  by  Elonen  et  al.  (1998).  The  Steevens  et  al.  (2005)  study 
further  confirmed  that  salmonids  in  general  were  more  sensitive  than  other  fish.  Forbes  et  al.  (2001)  note 
that  approaches  based  on  SSDs  appear  to  be  protective  of  most  species,  and  are  often  over-protective. 
Their  analysis  suggests  that  the  use  of  the  SSDs  calculated  by  Steevens  et  al.  (2005)  would  be  suitably 
protective  of  fish  in  the  lower  Trent  River. 

Johnston  et  al.  (2005)  conducted  studies  on  walleye  from  the  Bay  of  Quinte.  In  their  study,  they  examined 

the  effects  of  maternally  transferred  PCDD/Fs  on  reproductive  success  through  measurement  of  TEQs  in 

ova.  They  found  that  at  PCDD/F  concentrations  in  the  ova  of  14  pg/g  w.w  (the  maximum  concentration 

measured),  there  were  no  apparent  effects  on  reproductive  success  (measured  as  survival  of  eggs).  These 
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results,  considered  in  the  context  of  the  Steveens  et  al.  (2005)  study,  suggest  that  an  ova  concentration  of 
14  pg/g  w.w.  is  below  the  threshold  level  for  reproductive  impairment  in  this  species.  As  such,  14  pg 
TEQ/g  w.w  in  maternal  tissues  can  be  considered  as  a  no  effect  level  for  walleye. 

4.1.2      Aquatic  Exposure  Assessment 

Benthic  Invertebrates 

Exposure  of  benthic  organisms  is  based  on  uptake  of  PCDD/Fs  and  dl-PCBs  as  measured  in  mayflies  in 
the  tests  conducted  by  Environment  Canada  (Milani  and  Grapentine  2007).  As  noted  by  Burkhard  et  al. 
2004,  availability  of  PCDD/Fs  and  dl-PCBs  from  sediments  can  be  highly  variable,  and  therefore 
exposure  of  benthic  organisms  will  depend  on  the  specific  characteristics  of  the  sediment  in  each  Area. 
Consequently,  BSAFs  are  calculated  separately  for  each  Area,  based  on  both  the  mean  concentration  of 
PCDD/Fs  in  sediment  samples  from  each  Area  and  the  upper  95%  confidence  limits  around  the  mean,  and 
the  mean  tissue  residues  in  mayflies  as  derived  from  the  Environment  Canada  sediment  bioassay  tests. 

BSAFs  are  calculated  as  the  ratio  between  tissue  concentrations  in  the  biota  species  and  concentration  in 
the  sediment  through  a  simple  equation: 

BSAF  =  [biota] /[sediment] 

BSAFs  are  calculated  separately  for  each  congener,  since  as  noted  earlier,  the  accumulation  of  PCCD/F 
and  dl-PCB  congeners  was  found  to  vary  among  congeners,  with  uptake  lowest  among  the  higher 
chlorinated  congeners  (hepta-  and  octa-chlorinated  congeners).  It  was  felt  this  would  provide  a  more 
realistic  measure  of  exposure  of  those  species  feeding  on  benthic  organisms.  The  BSAFs  are  then  used  to 
estimate  exposures  to  terrestrial  receptors,  such  as  mallards,  that  would  feed  on  these  organisms.  In  using 
the  Environment  Canada  2006  data,  it  is  assumed  that  tissue  residues  measured  in  laboratory  tests  on  field 
collected  sediments  are  similar  to  those  that  would  occur  in  the  field.  This  assumption  is  supported  by  the 
work  of  Loonen  et  al.  (1997)  and  Lyytikainen  et  al.  (2003)  who  concluded  that  there  was  good 
concordance  between  tissue  residues  in  laboratory  and  field  exposed  oligochaetes.  Based  on  their  studies, 
Lyytikainen  et  al.  (2003)  concluded  that  laboratory  bioaccumulation  tests  "are  relevant,  and  that  the 
obtained  data  may  be  extrapolated  to  the  field  and  even  to  other  invertebrate  species".  As  well,  the  tissue 
residues  are  used  in  the  bioenergetics  model  to  predict  accumulation  of  PCDD/Fs  in  fish  feeding  on 
benthic  invertebrates. 

Benthic  invertebrate  tissue  accumulation,  as  extrapolated  from  the  mayfly  data,  indicates  that  benthos  are 

likely  to  accumulate  all  congeners,  but  that  the  highest  accumulation  relative  to  sediment  concentrations 

(as  denoted  by  the  BSAF)  was  for  the  tetra-  and  penta-chlorinated  congeners,  and  some  of  the  hexa- 

chlorinated  congeners  (2,3,4,6,7, 8-H6CDD  and  1,2,3,7,8,9-H6CDF).  BSAFs  were  generally  lowest  for  the 

hepta-  and  octa-chlorinated  congeners.  Therefore,  while  the  hepta-   and  octa-chlorinated  congeners 

showed  the  greatest  increase  in  sediments  in  Areas  B,  C,  D  and  E,  this  increase  was  not  reflected 

proportionally  in  the  mayfly  tissues.  The  results  are  consistent  with  other  studies  cited  in  Section  3  that 
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found  the  higher  chlorinated  congeners  were  less  bioavailable  than  the  lower  chlorinated  congeners.  In 
general,  tissue  residues  in  the  mayflies  tested  in  the  lower  Trent  River  sediments  (Areas  B,  C,  D  and  E), 
expressed  as  TEQs,  did  not  vary  by  more  than  approximately  2-times  the  concentrations  measured  in 
mayflies  from  Area  A  -West  Bank,  despite  sediment  concentrations  of  H7CDD/Fs  and  OgCDD/Fs  that 
were  up  to  66-times  higher  than  in  upstream  reference  areas.  Since  T4CDD/F  and  dl-PCB  concentrations 
were  relatively  similar  in  all  areas,  the  small  increase  in  tissue  residues  is  attributed  to  relatively  higher 
concentrations  of  the  P5CDD/Fs  and  some  of  the  H6CDD/Fs  in  Areas  B,  C,  D  and  E.  The  relatively  low 
TEQ  levels  in  benthos  relative  to  sediment  concentrations  are  therefore  not  surprising  in  view  of  the 
uptake  dynamics  of  PCDD/Fs. 

The  BSAFs  calculated  for  each  Area  are  provided  in  Table  A-2  for  PCDD/Fs  and  Table  A-3  for  dl-PCBs, 
along  with  surficial  (0-10  cm)  sediment  concentrations.  Where  sediment  core  samples  were  collected,  the 
concentrations  in  the  0-5cm  and  5-10  cm  sections  have  been  averaged  to  provide  a  concentration  in  the  10 
cm  section.  This  was  undertaken  to  ensure  the  results  were  consistent  with  the  sediment  grab  sample  data, 
since  the  grab  sample  data  were  based  on  an  analysis  of  the  0-1 0cm  sediment  depth. 

Since  literature  benchmarks  were  not  obtained  for  PCDD/Fs  in  benthic  organisms,  the  results  of  the 
sediment  bioassay  tests,  as  described  in  Milani  and  Grapentine  (2007),  are  considered  to  indicate  that 
there  is  no  toxicity  to  benthic  organisms  at  the  environmental  concentrations  measured  in  each  Area.  The 
benthic  community  results  presented  in  Milani  and  Grapentine  (2007)  indicate  that  there  was  limited 
toxicity  to  benthic  species  in  laboratory  toxicity  tests  using  field-collected  sediments.  The  authors 
conducted  tests  on  amphipods  (Hyalella  azteca),  chironomids  (Chironomus  riparius),  mayflies 
(Hexagenia  spp.)  and  oligochaetes  (Tubifex  tubifex),  and  considered  both  lethal  endpoints  (survival)  and 
sublethal  endpoints  (growth  and/or  reproduction)  during  chronic  exposures.  The  test  results  indicated  that 
only  oligochaetes  demonstrated  a  measurable  response,  with  decreased  egg  hatchability  in  some 
sediments.  On  the  basis  of  the  COA  weight-of-evidence  approach,  it  was  concluded  that  the  sediments  did 
not  result  in  adverse  effects  on  benthic  organisms,  and  that  existing  sediment  concentrations  do  not  pose  a 
risk  to  benthic  organisms. 

Borgmann  et  al.  (1990)  found  that  amphipods  (Hyalella  azteca)  had  the  ability  to  limit  uptake  of 
3,4,3',4'-tetrachlorobiphenyl  and  that  the  PCB  was  therefore  not  found  to  exert  a  toxic  effect  even  at 
exposure  concentrations  up  to  2,700  ng/L.  The  results  suggest  that  benthic  organisms  are  both  less 
susceptible  to  the  toxic  effects  of  dl-PCBs,  and  are  also  less  likely  to  accumulate  these  substances  to 
levels  that  could  result  in  adverse  effects. 

Young-of-the-Year  Yellow  Perch 

Tissue  concentrations  of  PCDD/Fs  in  young-of-the-year  (YOY)  yellow  perch  collected  by  the  MOE  were 

used  to  calculate  BSAFs  for  all  young  fish  species.  Since  fish  were  not  collected  from  all  areas,  BSAFs 

were  used  to  predict  tissue  residues  in  those  areas  where  fish  data  are  lacking.   As  noted  above,  BSAFs 

can  be  highly  variable,  and  depend  on  sediment  characteristics.  Therefore,  for  the  purposes  of  this 

assessment,  it  was  assumed  that  since  sediment  characteristics  in  areas  B,  D  and  E  were  similar  (based  on 

Ontario  Ministry  of  the  Environment  Page  44 

ERA  for  the  Trent  River  Mouth  Sediment  Depositional  Areas  May  2007 

Project  No.  07-7375  Dillon  Consulting  Limited 


TOC  and  grain  size),  BSAFs  would  also  be  similar.  As  well,  since  sediment  TOC  at  one  location  sampled 
by  Environment  Canada  (Milani  and  Grapentine  2007)  in  western  Bay  of  Quinte  was  also  similar  (as  was 
particle  size  distribution)  it  is  assumed  that  similar  BSAFs  would  apply  in  this  area  (Station  6507, 
Environment  Canada  2006).  It  is  recognized  that  these  assumptions  present  certain  limitations,  and  these 
uncertainties  are  discussed  in  Section  4.7.  Predictions  of  accumulations  were  not  made  for  the  reference 
areas  (Environment  Canada  2006).  Since  these  areas  were  physically  removed  from  the  study  area,  it  was 
not  clear  whether  sediment  conditions  would  be  similar.  Similarly,  upstream  areas  in  the  Trent  River  were 
not  sampled  for  all  parameters,  and  corresponding  YOY  fish  data  were  also  not  available  for  these  areas. 

BSAFs  for  YOY  yellow  perch  were  calculated  in  two  ways.  A  BSAFmean:mean  was  calculated  using  the 
mean  concentration  in  the  fish  caught  in  the  Area  and  the  mean  sediment  concentration  in  the 
corresponding  Area.  The  BSAF  calculated  in  this  manner  assumes  that  the  fish  are  equally  exposed  to 
sediment  sources  of  PCDD/Fs  and  dl-PCBs  in  each  area.  Since  the  spatial  distribution  cannot  be  readily 
calculated  from  the  data  due  to  many  of  the  sediment  sampling  data  points  being  clumped  together  in 
each  Area,  this  assumption  may  actually  underestimate  exposure.  Therefore,  a  BSAF95  ucl:95  ucl  was 
calculated  using  the  upper  95%  confidence  limit  of  the  mean  concentration  in  the  fish  from  the  Area  in 
which  the  fish  was  caught  and  the  upper  95%  confidence  limit  of  the  mean  for  the  sediment 
concentrations  in  the  corresponding  Area.  This  represents  a  more  conservative  approach,  particularly 
given  the  lack  of  spatial  definition  of  sediment  concentrations  of  the  COCs  in  each  area.  Since  the  BSAFs 
would  be  applied  in  the  broader  study  area  within  other  subareas,  and  to  the  same  fish  species,  the  BSAFs 
were  not  corrected  for  lipid  content  in  fish  or  sediment  TOC. 

As  with  benthic  invertebrates,  the  tissue  residues  in  young  fish  are  used  to  predict  effects  on  the  fish 
directly  through  comparison  with  TRVs,  are  used  to  predict  exposures  offish-eating  wildlife,  and  are  also 
used  in  subsequent  modelling  to  predict  tissue  residues  in  piscivorous  fish  species,  such  as  the  walleye. 
Using  the  above  BSAFs,  two  exposure  scenarios  are  calculated  for  fish  in  each  Area  in  Tables  A-2  and  A- 
3,  based  on  the  BSAFmean:mean  and  the  BSAF95  UCL:95  ucl- 

In  the  exposure  assessments,  a  number  of  potential  exposure  scenarios  are  considered.  As  noted  in 
Section  3,  fish  movements  can  be  highly  variable.  For  assessing  exposure  in  young  fish,  it  is  assumed  that 
the  fish  spend  their  entire  early  life  stages  in  each  Area.  Given  the  size  of  each  Area,  and  the  ranges  of 
juvenile  fish  as  described  in  Section  3,  this  is  considered  a  reasonable  assumption.  As  well,  the  areas  of 
sediment  deposition  occur  in  areas  protected  from  the  main  current  and  therefore  fish  are  most  likely  to  be 
present  in  those  areas  where  COC  concentrations  are  elevated.  Small  fish,  such  as  YOY  yellow  perch 
would  tend  to  avoid  areas  of  strong  current,  and  the  discontinuous  nature  of  the  depositional  areas  (i.e., 
isolated  areas  separated  by  strong  river  currents)  would  therefore  effectively  isolate  the  fish  in  each  Area 
in  the  lower  Trent  River. 

The  predicted  tissue  concentrations  in  young  yellow  perch  for  each  Area  are  summarized  in  Table  A-2  for 

PCDD/Fs  and  Table  A-3  for  dl-PCBs.  For  comparison,  tissue  residues  in  adult  fish  collected  at  the  mouth 

of  the  Trent  River  by  Environment  Canada  are  provided  in  Table  A-5.  Table  A-l  1  presents  the  results  for 

adult  fish  collected  as  part  of  the  MOE  Sport  Fish  Contaminant  Monitoring  Program  (SFCMP). 
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Literature  data  on  potential  toxicity  of  PCDD/Fs  and  dl-PCBs  on  young  yellow  perch  could  not  be  found. 
Therefore,  the  effects  are  assessed  with  respect  to  toxicity  data  for  tissue  residues  in  eggs  and  embryos 
that  resulted  in  lethality.  This  is  based  on  the  assumption  that  since  the  eggs  and  embryos  of  fish  have 
been  identified  as  the  most  sensitive  life  stage,  tissue  residues  below  these  levels  in  young  fish  would  also 
be  protective,  since  these  fish  are  likely  to  be  less  sensitive  to  the  effects  of  the  COCs.  It  should  be  noted 
that  a  number  of  studies  on  fish  found  that  swim-up  fry  often  appeared  to  depurate  PCDD/Fs  and  dl- 
PCBs,  possibly  as  a  result  of  growth  dilution,  and  the  concentrations  in  young  fish  may  not  be  directly 
comparable  to  concentrations  in  eggs  or  embryos.  The  study  by  Steevens  et  al.  (2005)  found  lake  trout  to 
be  the  most  sensitive  with  a  NOAEL  for  eggs  and  embryos  of  30  pg  TEQ/g  w.w.  Therefore,  while 
Steevens  et  al.  (2005)  calculated  an  SSD  of  57  pg/g  w.w.  for  protection  of  99%  of  the  species,  the  results 
of  the  young-of-the-year  perch  tissue  analysis  (PCDD/F  +  dl-PCB  =  Total)  are  compared  to  the 
benchmark  of  30  pg  TEQ/g  w.w  for  each  Area,  since  this  represents  a  more  conservative  endpoint.  The 
assessment  results  are  summarized  in  Table  4.1  below. 

Table  4.1: 

Potential  Risks  to  Young-of-the-Year  Yellow  Perch  from 

Accumulated  Tissue  Residues 


Area 

Tissue  Residue  (pg  TEQfish/g 
w.w.)  (95  UCL) 

RQnoael  (30 

pg  TEQfiSh/g 

w.w) 

PCDD/F 

dl-PCB 

Total 

Upstream 
reference 

0.07 

2.46 

2.53 

0.08 

A 

0.4 

2.76 

3.16 

0.09 

B 

6.0 

3.55 

9.55 

0.4 

C 

4.7 

2.86 

7.56 

0.3 

D 

6.17 

5.62 

11.79 

0.4 

E 

2.73 

1.90 

4.63 

0.2 

F 

4.9 

5.96 

10.86 

0.4 

An  additional  assessment  was  made  with  respect  to  potential  risks  due  to  exposure  of  fish  to  the  COCs 
through  diet.  Giesy  et  al.  (2002),  noted  in  their  study  that  effects  on  rainbow  trout  occurred  at  dietary 
concentrations  of  1.8  ng  TEQ/  kg  w.w.  food.  While  the  available  data  indicate  that  trout,  and  salmonids  in 
general,  are  likely  to  be  more  sensitive  than  percids,  this  represents  a  conservative  benchmark  against 
which  to  assess  exposure  of  young  fish.  The  diet  of  yellow  perch  at  up  to  1  year  of  age  can  include  up  to 
96%  benthic  invertebrates.  As  noted  earlier,  the  mayfly  tissue  residue  is  likely  to  provide  a  reasonable 
approximation  of  benthic  organism  tissue  residues  to  which  YOY  yellow  perch  could  be  exposed  in  the 
different  Areas  of  the  site.  Therefore,  in  Table  4.2,  the  predicted  tissue  residues  in  mayflies  from  the 
different  Areas,  as  total  TEQs,  were  assessed  against  this  benchmark  to  provide  an  indication  of  whether 
there  is  potential  risk  to  benthos-consuming  fish.  While  the  benchmark  of  1.8  ng  TEQ/kg  w.w.  of  food 
was  based  on  exposure  to  2,3,7,8-TCDD  only,  Table  4.2  assesses  total  TEQs  in  mayflies  against  this 
benchmark.  It  is  recognized  that  this  may  be  overly  conservative,  but  this  approach  is  useful  in  providing 
an  indication  of  potential  risk  to  these  fish. 
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Table  4.2: 
Risks  to  YOY  Yellow  Perch,  by  Area,  From  Dietary  Sources 


Area 

[Mayfly  Tissue]  at  95%  UCL 
(pg  TEQ/g  w.w.) 

NOAELa 
PgTEQ/g 

W.W. 

RQnoael 

PCDD/F 

dl-PCB 

Total 

A 

8.54 

3.69 

12.23 

1.8 

6.8 

B 

6.39 

1.85 

8.244 

1.8 

4.6 

C 

3.29b 

4.29b 

7.58b 

1.8 

4.2 

D 

6.00 

3.31 

9.31 

1.8 

5.2 

E 

2.06b 

4.5b 

6.56b 

1.8 

3.6 

F 

16.28b 

2.89b 

19.17b 

1.8 

10.7 

-  NOAEL  from  Giesy  ef  al.  2002.    -  based  on  single  data  point 

The  results  of  this  assessment  indicate  that  the  dietary  contribution  of  PCCD/Fs  and  dl-PCBs  via 
consumption  of  mayflies  from  all  sediments,  including  Area  F,  were  above  the  NOAEL,  and  dietary 
contribution  can  be  considered  as  presenting  potential  risks.  Since  young  yellow  perch  are  expected  to 
consume  benthos  as  a  significant  part  of  their  diet,  this  represents  a  major  pathway  of  potential  PCCD/F 
and  dl-PCB  exposure.  However,  it  should  be  noted  that  the  sensitivity  of  perch  relative  to  rainbow  trout  is 
unknown,  and  the  actual  effects  on  yellow  perch  cannot  be  accurately  assessed.  As  such,  the  results  of  this 
comparison  should  only  be  used  as  an  indication  of  potential  exposure.  It  should  be  noted  that  the  above 
assessment  is  based  on  total  TEQs  in  mayfly  tissues,  and  assumes  that  fish  feeding  on  benthic  organisms 
will  accumulate  all  congeners.  As  shown  in  Table  A-4,  accumulation  of  the  higher  chlorinated  congeners 
by  young  fish  was  negligible  in  most  cases,  this  assessment  may  therefore  over-predict  exposure  of  young 
fish.  As  well,  since  the  above  value  is  a  NOAEL,  and  a  LOAEL  was  not  provided,  the  potential  for  actual 
effects  is  not  clearly  defined. 

The  fish  in  Area  B  showed  that  a  higher  percentage  of  tissue  TEQ  was  due  to  PCDD/Fs  as  compared  to 
Area  A  (East  Bank)  or  the  upstream  reference  site.  This  was  primarily  due  to  high  tissue  residues  of  the 
tetra-  and  pent-chlorinated  congeners.  Mayfly  tissue  residue  analysis  (Table  A-2)  indicates  that 
accumulation  of  the  higher  chlorinated  congeners  was  higher  in  Area  B  than  in  Area  A  (by  approximately 
10-times),  and  therefore,  young  fish  feeding  on  benthos  would  likely  be  exposed  to  higher  concentrations 
of  the  hexa-,  hepta,  and  octa-congeners  in  their  diet.  The  differences  in  potential  exposure  and  actual 
measured  accumulation  suggest  that  the  higher  chlorinated  congeners  are  less  bioavailable  than  the  tetra-, 
and  penta-chlorinated  congeners. 

Adult  Yellow  Perch  and  Brown  Bullhead 


The  available  tissue  residue  data  from  Environment  Canada  and  MOE  are  based  on  tissue  concentrations 
in  adult  fish.  The  review  of  available  data  from  the  literature  indicates  that  adult  fish  are  generally  less 
sensitive  than  eggs  or  embryos.  Therefore,  the  effects  on  eggs  and  young  are  estimated  from  adult  tissue, 
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using  the  results  of  Tietge  et  al.  (1998)  who  found  that  tissue  residues  in  eggs  of  brook  trout  were 
approximately  39%  of  tissue  residues  in  adult  fish.  Since  the  adult  fish  data  are  based  on  the  skinless, 
boneless,  dorsal  fillet  in  the  MOE  SFCMP  and  in  the  Environment  Canada  collections,  rather  than  whole 
fish,  this  could  result  in  an  under-estimate  of  concentrations  in  the  eggs.  As  well,  since  data  could  not  be 
found  for  the  species  present  at  the  site  (i.e.,  yellow  perch  and  brown  bullhead)  data  for  related  species, 
obtained  from  the  review  by  Steevens  et  al.  (2005)  were  reviewed.  Therefore,  for  the  brown  bullhead,  the 
egg  and  embryo  NOAELs  and  LOAELs  for  exposure  to  2,3,7,8-TCDD  were  385  pg/g  w.w.,  and  855  pg/g 
w.w  respectively.  Since  the  TEF  for  2,3,7,8-TCDD  is  1,  these  values  translate  directly  into  TEQs.  These 
concentrations  are  considerably  higher  than  the  99%  SSD  of  57  pg  TEQ/g  w.w.  calculated  by  Steevens  et 
al.  (2005)  and  therefore  the  99%  SSD  is  used  as  the  TRV  for  assessing  potential  effects  on  eggs  or 
embryos  of  brown  bullhead  in  Table  4.3  and  Table  A-12  (Appendix  A)  (i.e.,  the  TRVegg/embryo  in  the 
equation  below). 

TRVs  for  yellow  perch  could  not  be  found.  However,  the  study  by  Johnston  et  al.  (2005)  noted  that  for 
walleye  from  the  Bay  of  Quinte,  egg  concentrations  of  14  pg/g  w.w.  TEQ  did  not  result  in  any  observed 
effects.  This  value  is  more  conservative  than  the  99%  SSD  of  57  pg  TEQ/g  w.w.  derived  by  Steevens  et 
al.  (2005)  for  freshwater  fish  species.  Since  walleye  are  percids,  and  no  other  benchmarks  are  available 
for  percids,  the  maximum  tested  concentration  of  14  pg  TEQ/g  w.w.  is  considered  as  a  no  effect 
concentration  and  is  used  as  the  TRV  for  potential  effects  on  egg  or  embryo  survival  in  Table  4.3  and  in 
Table  A-12  (Appendix  A)  (i.e.,  TRVegg/embryo)- 

TEQs  measured  in  brown  bullhead  and  yellow  perch  are  provided  in  Table  A-5.  The  total  TEQ  was 
calculated  as  the  sum  of  the  TEQs  for  exposure  to  individual  dl-PCB  and  PCDD/F  congeners.  TEQs  for 
assessing  potential  risks  to  fish  were  calculated  on  the  basis  of  the  fish  TEQs  developed  by  Van  den  Berg 
et  al.  (1998),  and  used  by  the  WHO  (1997).  TEQs  were  calculated  assuming  that  concentrations  less  than 
the  detection  limit  were  equal  to  zero.  This  is  based  on  the  observations  by  Jones  et  al.  (2001)  and  Guiney 
et  al.  (1996)  that  fish  appear  to  preferentially  accumulate  some  congeners  over  others,  and  that 
accumulation  of  the  higher  chlorinated  congeners  is  limited  by  bioavailability  and  uptake  in  the  gut. 
Therefore,  it  is  concluded  that  at  the  low  concentrations  measured,  the  actual  accumulation  is  likely  to  be 
close  to  zero  for  these  congeners. 

Table  4.3  (see  also  Table  A-12)  includes  calculated  Risk  Quotients,  calculated  as: 
Predicted  TEQ  in  eggs  =  [totalTEQ^  in  adults]  x  0.4 

1 K  V  egg/embryo 

where  0.4  is  the  maternal  transfer  factor  from  adults  to  eggs  from  Tietge  et  al.  (1998)  as  described  above. 
Since  the  maternal  transfer  factor  was  developed  from  observations  on  brook  trout,  there  is  potential 
concern  that  this  may  not  be  sufficiently  conservative  when  applied  to  other  species.  While  salmonids 
appear  to  be  the  most  sensitive  species,  the  actual  maternal  transfer  factor  for  brown  bullhead  and  yellow 
perch  are  not  known.  Therefore,  the  brown  bullhead  and  yellow  perch  tissue  residues  were  additionally 
assessed  directly  against  the  TRVs  in  Table  4.3  below  (complete  results  are  provided  in  Table  A-12).  This 
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assumes  that  1 00%  of  the  maternal  tissue  residue  is  transferred  to  the  egg.  While  this  is  likely  an  overly 
conservative  assumption,  it  is  a  useful  benchmark  against  which  to  assess  tissue  residues,  since  if  there 
are  no  risks  under  these  assumptions,  there  is  little  risk  of  effects  at  lower  maternal  transfer  factors. 

The  results  are  summarized  in  Table  4.3  below.  The  RQ  is  calculated  using  the  upper  95%  confidence 
limit  around  the  mean  TEQ  for  each  species  of  fish  from  each  area. 


Table  4.3: 

Summary  of  Fish  Exposures  2004 

(based  on  data  from  Environment  Canada) 


Location 

dl-PCB 

TEQfish 

pg/g  w.w. 

PCDD/F 

TEQfish  pg/g 
w.w. 

Total 

TEQfish 
pg/g  w.w. 

TRV 

RQnoael 

assuming 

maternal 

transfer 

factor  =  1 

RQnoael 

with 

maternal 

transfer 

factor  =  0.4 

Brown  Bullhead 

Trenton 

0.43 

0.76 

1.16 

57a 

0.02 

0.008 

Belleville 

0.66 

1.59 

2.17 

57a 

0.04 

0.02 

Deseronto 

0.09 

0.07 

0.14 

57a 

0.003 

0.001 

Yellow  Perch 

Trenton 

0.15 

0.13 

0.25 

14b 

0.0169 

0.0068 

Belleville 

0.24 

0 

0.24 

14b 

0.017 

0.0068 

Deseronto 

0.04 

0 

0.04 

14» 

0.0029 

0.0012 

99%  SSD  from  Steevens  ef  al.  2005. 


NOAEL  from  Johnston  ef  al.  2005. 


Since  all  of  the  RQs  were  well  below  a  value  of  unity,  there  is  no  indication  that  there  is  potential  risk  of 
lethality  in  eggs  or  embryos  at  the  measured  tissue  residues  in  adult  fish. 

Under  the  very  conservative  assumption  that  the  entire  maternal  tissue  residue  is  transferred  to  the  eggs, 
RQs  ranged  up  to  a  high  of  0.02,  and  as  such,  risk  of  adverse  effects  on  eggs  or  embryos  is  considered 
negligible. 


The  data  for  the  brown  bullhead  indicate  that  in  the  Trenton  area,  on  average,  58%  of  the  total  TEQ  was 
attributable  to  dl-PCB  compounds.  The  corresponding  values  for  the  Belleville  and  Deseronto  areas  were 
56%  and  66%,  which  suggests  that  fish  in  the  Deseronto  areas  were  accumulating  tissue  residues  of 
PCBs  to  a  slightly  higher  percentage  than  in  the  Trenton  area.  However,  since  fish  in  the  Deseronto  area 
had  on  average  44%  of  total  TEQ  as  PCDD/Fs,  the  data  suggest  that  background  accumulation  of 
PCDD/Fs  is  a  significant  factor,  and  that  the  accumulation  of  PCDD/Fs  in  fish  from  the  Trenton  area 
cannot  be  attributed  solely  to  sources  in  the  area.  The  fish  data  in  Table  A- 5  indicate  that  the  greatest 
contribution  to  accumulation  of  PCDD/Fs  (as  TEQs)  in  tissue  residues  in  all  fish  was  due  to  accumulation 
of  the  tetra-chlorinated  congeners.  However,  the  sediment  data  reviewed  in  Section  3,  indicated  that  the 
tetra-chlorinated  congeners  did  not  show  a  significant  increase  in  relation  to  potential  sources  in  the  lower 
Trent  River  watershed.  Rather,  sediment  concentrations  of  T4CDD/Fs  remained  relatively  constant,  while 
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the  hexa-,  hepta-,  and  octa-chlorinated  congener  concentrations  in  sediments  increased  by,  in  some  cases 
2-3  orders  of  magnitude.  It  is  worth  noting  that  despite  the  substantial  increase  in  sediment  concentrations 
of  the  higher  chlorinated  congeners,  very  little  was  accumulated  in  fish  tissues  (or  in  benthic  organism 
tissues  as  shown  in  Table  A-2).  Nichols  et  al.  (1998)  note  that  in  other  studies,  a  similar  result  has  been 
observed  that  has  been  attributed  variously  to  the  molecular  size  of  these  compounds  hindering  uptake 
and  to  the  high  binding  affinity  of  these  substances  for  sediment  organic  matter  that  reduces  their 
biological  availability. 

As  a  result,  fish  tissue  residues  indicate  that  concentration  of  those  PCDD/Fs  that  showed  a  significant 
increase  in  the  lower  Trent  River  were  not  present  at  higher  concentrations  in  fish  as  compared  to  fish 
from  other  areas  in  the  Bay  of  Quinte. 

The  yellow  perch  data  however,  indicate  that  only  in  the  Trenton  area  did  these  fish  accumulate 
PCDD/Fs.  However,  PCDD/F  tissue  residues  were  also  due  exclusively  to  accumulation  of  the  tetra- 
chlorinated  congeners,  and  the  perch  showed  no  increased  accumulation  of  the  hexa-,  hepta,  or  octa- 
chlorinated  congeners  in  response  to  significantly  higher  concentrations  in  the  sediment  (Table  A-5). 

Sport  Fish  Contaminant  Monitoring  Program 

A  limited  number  of  adult  fish  were  analyzed  for  PCDD/Fs  and  dl-PCBs  from  the  Trent  River  under  the 
MOE  SFCMP,  and  these  results  are  presented  in  Table  A-ll.  Three  species  were  tested  from  the  Trent 
River:  yellow  perch,  whitefish,  and  Chinook  salmon.  Tissue  residues  in  sport  fish  reflect  the  general 
pattern  of  uptake  for  other  fish,  with  higher  TEQs  mainly  due  to  the  lower  chlorinated  congeners,  and 
little  accumulation  of  the  higher  chlorinated  congeners. 

The  potential  effects  on  sport  fish  are  assessed  in  a  similar  manner  to  the  assessment  of  adult  yellow  perch 
and  brown  bullhead  in  the  previous  section.  The  TRVs  are  based  on  the  30  pg  TEQ/g  w.w.  NOAEL  for 
lake  trout,  and  the  99%  SSD  of  57  pg  TEQ/g  w.w.  calculated  by  Steevens  et  al.  (2005).  The  results  are 
provided  in  Table  4.4  below: 


Table  4.4: 
Summary  of  Fish  Exposures.  MOE  SFCMP  1998-2002 


Species 

dl-PCB 

TEQfiSh  pg/g 

w.w. 

PCDD/F 

TEQfish  pg/g 
w.w. 

Total 

TEQfish  pg/g 

w.w. 

RQnoael  pg 
TEQ/g  W.W. 

RQnoael 

assuming 

maternal 

transfer 

factor  =  1 

RQnoael  with 

maternal 

transfer  factor 

of  0.4 

Yellow  Perch 

0.41 

4.22 

4.64 

14" 

0.3 

0.1 

Whitefish 

5.10 

59.9 

65.0 

30a 

2.2 

0.9 

Whitefish 

7.39 

54.9 

62.3 

30a 

2.1 

0.8 

Whitefish 

10.95 

50.5 

61.4 

30a 

2.0 

0.8 

Whitefish 

10.72 

50.3 

61.0 

30a 

2.0 

0.8 
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Species 

dl-PCB 

TEQfish  pg/g 
w.w. 

PCDD/F 

TEQfiSh  pg/g 
w.w. 

Total 

TEQfiSh  pg/g 

w.w. 

RQnoael  pg 
TEQ/g  W.W. 

RQnoael 

assuming 

maternal 

transfer 

factor  =  1 

RQnoael  with 

maternal 

transfer  factor 

of  0.4 

Whitefish 

9.99 

68.3 

78.3 

30a 

2.6 

1.0 

Chinook  salmon 

2.61 

7.45 

10.1 

30a 

0.3 

0.1 

Chinook  salmon 

1.94 

5.85 

7.8 

30a 

0.3 

0.1 

Chinook  salmon 

3.26 

7.72 

11.0 

30a 

0.4 

0.2 

Chinook  salmon 

2.59 

6.98 

9.6 

30a 

0.3 

0.1 

Chinook  salmon 

1.99 

0 

2.0 

30a 

0.07 

0.03 

a  -  Steevens  ef  al.  2005.       -  Johnston  ef  al.  2005.  Based  on  data  from  Environment  Canada.  Bold  indicates  RQ  >  1. 

The  results  indicate  that  assuming  that  the  full  maternal  body  burden  is  transferred  to  the  developing  eggs, 
there  are  exceedances  of  the  NOAEL  for  reproductive  effects  on  lake  whitefish.  Assuming  that  the 
relationship  observed  by  Tietge  et  al.  (1998)  between  maternal  tissue  residues  and  concentration  in  eggs 
of  brook  trout  (a  salmonid)  of  0.4  is  a  suitable  conversion  factor,  the  RQ  for  all  species  was  below  the 
NOAEL  of  30  pg  TEQ/g  w.w.,  and  risks  to  adult  fish  are  considered  low. 

It  should  be  noted  that  the  fish  species  considered,  with  the  exception  of  the  yellow  perch,  are  all  highly 
mobile.  The  whitefish  and  Chinook  salmon  are  likely  to  range  over  large  areas  of  the  Bay  of  Quinte  and 
eastern  Lake  Ontario.  Therefore,  it  cannot  be  assumed  that  the  body  burden  in  these  fish  is  due  to  sources 
in  the  Trent  River.  Cook  et  al.  (2003)  have  noted  elevated  levels  of  PCDD/Fs  and  similar  substances  in 
lake  trout  tissues  from  Lake  Ontario  that  they  attributed  to  elevated  concentrations  in  the  deeper 
sediments  of  the  lake  of  PCDD/Fs,  particularly  of  the  tetra-  and  penta-chlorinated  congeners.  Similarly, 
Marvin  et  al.  (2002)  showed  that  PCDD/Fs  were  present  in  deep  basin  sediments  in  Lake  Ontario.  The 
MOE  sport  fish  data  in  Table  A-ll,  shows  that  the  majority  of  the  PCDD/F  TEQ  in  lake  whitefish  is  due 
to  2,3,7,8-T4CDD/F,  1,2,3,7,8-P5CDD  and  2,3,4,7,8-P5CDF.  As  is  apparent  from  the  data  in  Table  A-2, 
the  concentrations  of  these  congeners  was  relatively  low  in  sediments  in  the  study  area,  and  also  showed 
no  significant  increase  in  sediment  concentrations  below  the  suspected  sources.  Therefore,  it  is  most 
likely  that  the  tissue  residues  in  lake  whitefish  and  Chinook  salmon  are  due  to  general  sources  within  the 
Lake  Ontario  basin,  and  not  directly  due  to  sources  in  the  lower  Trent  River. 

4. 1 .3      Predictive  Modeling  of  PCDD/Fs  In  Yellow  Perch 

A  modelling  exercise  was  undertaken  to  assess  the  contribution  of  PCDD/Fs  in  sediment  at  the  mouth  of 
the  Trent  River  to  accumulation  of  these  substances  in  fish.  The  assessment  uses  PCDD/F  data  from  both 
benthic  invertebrates  and  small  fish  in  predicting  accumulation  trends  in  larger  fish.  The  approach  is 
intended  to  provide  an  indication  of  expected  tissue  residues  in  fish  if  current  exposure  levels  continue 
into  the  future  as  well  as  potential  effects  under  increased  exposures,  such  as  exposure  to  deeper 
contaminated  sediments  under  conditions  where  these  may  be  exposed  (e.g.,  the  catastrophic  exposure 
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scenario  described  in  Section  4.4).  The  modeling  focuses  on  PCDD/Fs,  since  these  were  associated  with 
specific  sources  in  the  lower  Trent  River. 

This  modeling  exercise  provides  a  preliminary  examination  of  the  potential  accumulation  of  these 
substances  in  fish,  focusing  on  yellow  perch.  PCDD/F  concentrations  in  the  diet  of  yellow  perch  were 
estimated  from  actual  site-specific  data  using  benthic  organism  tissue  residue  data  (mayflies)  provided  by 
Milani  and  Grapentine  (2007)  and  fish  tissue  residues  for  young  fish  provided  by  the  MOE. 
Consequently,  the  modelled  results  reflect  only  the  differences  in  PCDD/F  concentrations.  Finally,  since 
data  on  assimilation  and  elimination  of  PCDD/Fs  was  limited  to  a  few  studies  using  2,3,7,8-TCDD,  an 
approach  was  used  that  calibrated  the  model  against  existing  exposure  situations  present  at  the  mouth.  If 
the  model  could  provide  a  reasonable  approximation  of  the  current  accumulation  trends  in  yellow  perch  in 
these  areas,  it  would  be  reasonable  to  conclude  that  predicted  concentrations  in  fish  should  also  reflect  the 
ambient  environmental  concentrations  over  the  longer  term  if  environmental  concentrations  do  not  change 
significantly.  Lack  of  agreement  between  the  model  predictions  and  actual  monitoring  data  would  require 
further  interpretation  and  or  re-adjustment  of  the  model. 

The  overall  approach  used  the  fish  bioenergetics  modeling  software  Fish  Bioenergetics  3.0  (University  of 
Wisconsin  1997)  to  estimate  food  consumption  rates  for  yellow  perch.  All  physiological  parameters  for 
yellow  perch  were  used  as  provided  in  the  software.  The  software  allows  several  approaches  to 
bioenergetic  modeling.  The  temperature-dependent  approach  was  adopted  for  this  study,  such  that  food 
consumption  and  metabolism  varied  with  seasonal  temperature  changes.  Temperature  data  for  the  model 
were  derived  from  Lake  Ontario  monthly  averages  (www.ilec.or.jp/database/nam/nam-07.html) . 

The  bioenergetics  software  predicts  food  consumption  over  a  time  period  based  on  an  overall  predicted 
change  in  weight  for  the  period.  In  other  words,  it  is  necessary  to  know  the  growth  profile  for  a  fish 
population  before  the  bioenergetics  modeling  can  be  undertaken.  Therefore,  age-length  data  for  yellow 
perch  from  Lake  Ontario  were  fitted  using  a  log-linear  model  to  back-calculate  lengths.  The  bioenergetic 
model  predicted  the  daily  food  consumption  required  to  produce  such  growth. 

The  overall  bioaccumulation  process  in  fish  represents  two  separate  and  competing  processes; 
assimilation  and  elimination  (e.g.,  Norstrom  et  al.  1975).  In  general,  PCDD/F  and  dl-PCBs  are 
assimilated  relatively  efficiently.  Elimination  varies,  with  PCDD/Fs  apparently  eliminated  at  a  more  rapid 
rate  than  dl-PCBs  (Niimi  1996).  For  the  purposes  of  the  modelling  PCDD/F  accumulation,  the  daily  food 
consumption  rate  determined  from  the  Bioenergetics  3.0  model  was  used  to  estimate  the  accumulation 
rate  from  food. 

Jones  et  al.  (2001)  noted  that  dietary  uptake  efficiency  of  PCDD/Fs  by  rainbow  trout  was  in  the  range  of 

10-30%.  The  low  uptake  rate  is  likely  a  result  of  the  hydrophobicity  of  the  compounds.  Since  specific 

data  were  not  available  for  PCDD/F  dietary  uptake  efficiency  for  yellow  perch,  for  the  initial  model  run  it 

was  assumed  that  dietary  uptake  efficiency  for  these  bioaccumulative  substances  would  be  similar  to  the 

rate  calculated  by  Jones  et  al.  (2001).  The  uptake  efficiency  was  calibrated  to  existing  tissue  residues  in 

yellow  perch  in  the  lower  Trent  River.  The  calibration  assumed  that  the  growth  parameters  in  the 
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Bioenergetics  model  were  applicable,  and  that  elimination  was  based  on  a  half-life  of  2  days  in  juveniles 
and  adults,  as  described  in  the  following  paragraph.  On  the  basis  of  these  assumptions,  an  uptake 
efficiency  of  10%  was  calculated,  and  this  value  was  used  in  the  subsequent  model  runs.  Calibration  of 
the  model  to  existing  tissue  residues  would  thereby  permit  prediction  of  tissue  residues  under  a  higher 
exposure  scenario.  This  approach  recognizes  the  general  paucity  of  data  for  parameterizing  the  model, 
and  therefore  provides  a  flexible  approach  in  which  the  parameters  that  are  most  variable  are  determined 
through  calibration  with  existing  concentrations  in  fish. 

Dietary  uptake  in  the  model  was  offset  by  elimination,  which  was  assumed  to  follow  first-order 
(concentration-dependent)  kinetics.  Jones  et  al.  (2001)  noted  that  after  100  days,  a  steady-state  was 
achieved  in  rainbow  trout,  with  uptake  balanced  by  elimination  (as  combined  metabolism  and 
depuration).  Since  insufficient  data  are  available  on  uptake  and  elimination  in  other  fish  species,  a  more 
conservative  approach  was  used  in  the  model  that  assumed  an  elimination  rate  of  0.5-times  the  uptake 
rate. 

The  prey  composition  of  the  diet  for  young-of-the-year  perch  was  assumed  to  consist  of  3%  fish  and  96% 
zoobenthos  (assumed  to  be  adequately  represented  by  mayflies).  Juvenile  fish  (up  to  two  years  old)  were 
assumed  to  eat  40%  fish  and  60%  zoobenthos,  while  adult  fish  were  assumed  to  eat  65%  fish  and  35% 
zoobenthos.  These  dietary  breakdowns  were  approximated  from  information  obtained  from  the  internet 
fish  database  fishbase.org,  which  in  turn  were  compiled  from  the  work  ofKeast  and  Welsh  (1968),  Keast 
(1977),  and  Jansen  and  Mackay  (1992).  Since  measured  concentrations  of  PCDD/Fs  and  dl-PCBs  in 
benthos  and  fish  were  available  from  three  of  the  Areas  and  the  reference  area  upstream  in  the  lower 
Trent  River,  it  was  possible  to  estimate  the  daily  intake  of  the  COCs  from  the  diet  by  "weighting"  the 
concentrations  of  PCDD/Fs  and  dl-PCBs  by  the  relative  proportions  mentioned  above.  The  concentrations 
of  COCs  in  the  dietary  components  are  taken  from  the  tables  in  Appendix  A. 

Modeling  Results 

The  predicted  tissue  residues  in  yellow  perch  are  shown  on  Figure  12  under  the  current  exposure 

conditions.  Tissue  residues  were  predicted  only  for  Area  D,  since  this  area  was  located  near  the  mouth 

and  is  most  similar  to  locations  where  yellow  perch  were  previously  caught.  The  model  predicted  higher 

tissue  residues  than  were  actually  measured  in  fish  collected  from  the  Trent  River  mouth.  Since  the 

measured  fish  tissue  residues  are  based  on  analysis  of  the  skinless,  boneless  dorsal  fillet,  it  is  likely  that 

the  concentrations  in  whole  fish  are  underestimated.  As  well,  since  the  model  was  constructed  in  a 

conservative  manner  that  assumed  an  elimination  rate  lower  than  the  rate  predicted  by  Jones  et  al.  (2001), 

this  is  a  potential  source  of  error  as  well.  The  results  indicate  that  due  to  the  elimination  of  PCDD/F 

through  the  effects  of  depuration,  metabolism,  and  growth  dilution,  tissue  concentrations  are  expected  to 

remain  relatively  consistent.  In  fact,  the  model  over-predicts  tissue  residues  in  younger  aged  fish 

compared  to  actual  site  data,  which  may  be  a  factor  of  actual  assimilation  efficiency  from  the  food,  the 

elimination  rate  (which  was  conservatively  assumed  to  be  less  than  the  assimilation  rate),  and  the  actual 

dietary  composition,  that  in  young  fish  was  weighted  more  towards  benthic  invertebrates.  As  well,  since 

only  mayfly  data  were  available  to  estimate  exposure  from  benthic  organisms,  this  may  over-estimate 
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exposure  as  well.  However,  while  the  modeling  should  be  considered  as  only  an  approximation  of  actual 
uptake,  the  results  suggest  that  tissue  residues  in  yellow  perch  are  not  likely  to  increase  as  the  fish  ages, 
but  are  likely  to  decrease.  A  similar  trend  in  tissue  residues  was  apparent  from  the  data  collected  by 
Environment  Canada  on  young  fish  (Table  A-5).  Though  the  range  of  sizes  collected  was  limited,  the  data 
suggest  that  large  fish  did  not  accumulate  higher  concentrations.  As  well,  since  adult  yellow  perch  will 
forage  over  a  wider  area  than  young  fish,  they  are  likely  to  be  exposed  to  food  in  relatively 
uncontaminated  areas  as  well.  Since  the  model  assumes  that  fish  would  only  feed  in  these  areas,  this 
represents  a  conservative  assessment  of  potential  exposure. 

In  the  second  model  run,  the  predicted  concentrations  in  prey  under  the  catastrophic  exposure  scenario 
were  used  to  predict  tissue  residues.  This  scenario  predicted  the  potential  increase  in  tissue  concentrations 
that  could  occur  if  the  most  contaminated  layers  of  the  sediment  were  exposed.  Since  both  mayfly  and 
young-of-the-year  fish  tissue  residues  were  predicted  to  increase  under  in  this  scenario,  the  predicted  fish 
tissue  residues  are  also  higher  (Figure  13).  The  exposure  scenario  assumes  fish  would  be  continually 
exposed  at  the  predicted  concentrations  in  food.  It  is  recognized  that  this  is  unlikely,  and  therefore  actual 
accumulations  are  likely  to  be  lower.  As  well,  if  fish  move  beyond  the  exposure  areas,  tissue  residues  are 
likely  to  decrease  over  time,  since  assimilation  would  be  expected  to  be  less  than  elimination,  with  the  net 
result  that  tissue  residues  would  decrease  over  time. 

It  should  be  noted  that  the  same  limitations  apply  to  this  modeling  run  as  noted  above.  Due  to  the 
assumptions  made,  and  the  limited  data  available  for  assimilation  and  elimination  of  PCDD/Fs  in  fish 
species,  the  modeling  should  be  considered  as  representing  general  trends  in  accumulation,  rather  than 
predicting  accurate  outcomes. 

4.1.4      Summary 

While  the  above  modeling  was  undertaken  specifically  with  yellow  perch,  the  results  have  implications 

for  other  fish  species  as  well.  The  results  indicate  that  PCCD/Fs  are  likely  to  be  eliminated  once  fish  are 

no  longer  exposed  to  specific  sources  of  PCDD/Fs  in  their  food.  These  results  are  consistent  with  the 

findings  of  other  studies  (e.g.,  Jones  et  al.  2001;  Niimi  1996),  that  found  relatively  rapid  elimination  of 

PCDD/Fs  in  fish  species,  particularly  in  comparison  with  dl-PCBs.  Therefore,  wide-ranging  species  such 

as  walleye  that  would  only  periodically  forage  in  the  area  are  likely  to  eliminate  accumulated  tissue 

residues  once  they  move  on  to  feed  in  other  areas.  The  results  also  indicate  that  the  specific  congeners 

accumulated  in  food  are  of  major  importance  in  predicting  tissue  residues  as  TEQs.  The  results  of  the 

modeling,  and  the  tissue  residue  analysis  conducted  by  Environment  Canada  and  the  MOE,  indicate  that 

most  of  the  tissue  residue  is  due  to  accumulation  of  the  lower  chlorinated  congeners,  since  these  were 

preferentially  accumulated  in  the  food  items.  As  has  been  shown  in  other  studies  (e.g.,  Marvin  et  al.  2002. 

Cook  et  al.  2003),  low  concentrations  of  these  congeners  occur  throughout  the  Lake  Ontario  basin,  and 

benthos  and  fish  species  would  be  expected  to  accumulate  these  congeners,  eventually  passing  these  on  to 

larger  predatory  species.  As  such,  the  tissue  residues  of  the  lower  chlorinated  congeners  measured  in  sport 

fish  species  by  Environment  Canada  and  MOE  in  fish  from  the  Trenton,  Belleville  and  Deseronto  areas 

could  have  originated  as  a  result  of  the  broader  occurrence  of  PCDD/Fs  within  the  Bay  of  Quinte. 
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4.2         Terrestrial  Biota 

Assessment  of  potential  risks  to  terrestrial  biota  from  sediment  contaminants  is  restricted  to  food  web 
effects,  since  opportunities  for  direct  exposure  of  terrestrial  organisms  to  contaminated  sediments  are 
extremely  limited.  Therefore,  risks  to  terrestrial  biota  are  assessed  through  consumption  of  prey  items 
potentially  contaminated  with  PCDD/Fs  and  dl-PCBs.  Risks  are  assessed  on  the  basis  of  consumption  of 
aquatic  biota  and  exposures  are  based  on  calculated  daily  doses  to  the  receptors  through  consumption  of 
contaminated  prey.  These  are  then  compared  to  literature-derived  toxicity  benchmarks  that  are  reviewed 
in  the  following  section. 

The  following  section  reviews  a  number  of  studies  from  which  the  assessment  benchmarks  are  selected. 
The  intent  of  multiple  benchmarks  is  to  reduce  the  uncertainties  that  are  inherent  in  selecting  a  single 
benchmark.  It  is  based  on  the  understanding  that  if  multiple  lines  of  evidence  reach  the  same  conclusion, 
there  is  greater  confidence  in  the  results. 

Risks  to  snapping  turtles  could  not  be  directly  assessed  due  to  a  lack  of  effects  data  for  the  snapping 
turtle,  and  reptiles  in  general.  While  tissue  residue  data  are  available  from  a  number  of  studies,  there  were 
no  suitable  toxicity  data  that  could  be  used  to  derive  toxicity  benchmarks. 

4.2.1      Toxicity  Review 

As  noted  in  Section  3,  dioxins  and  furans  and  dl-PCBs  are  considered  to  act  on  vertebrates  through  the  Ah 
receptor.  The  effects  of  PCCD/Fs  on  birds  and  mammals  has  been  shown  through  a  number  of  studies  to 
be  most  readily  manifest  in  the  development  of  the  young.  U.S.  EPA  (2003)  notes  that  in  the  large 
number  of  the  studies  reviewed,  the  eggs  and  embryos  of  birds  were  the  most  sensitive  life  stages. 
Exposure  has  been  linked  to  egg  mortality,  though  the  concentrations  at  which  effects  have  been  recorded 
are  variable.  EPA  (2003)  and  Giesy  and  Kannan  (1998)  note  that  the  eggs  of  chickens,  upon  which  many 
of  the  TRVs  are  based,  appear  to  be  much  more  sensitive  than  other  birds  to  both  dioxins  and  furans  and 
dl-PCBs,  and  that  egg  toxicity  thresholds  in  wild  birds  tend  to  be  much  higher. 

PCDD/Fs  and  dl-PCBs  have  been  shown  to  accumulate  in  fish-eating  birds  to  much  higher  concentrations 
than  in  water  or  sediments,  with  generally  higher  concentrations  in  adipose  tissues  than  in  muscle  or 
organs.  As  well,  a  number  of  studies  have  indicated  that  these  COCs  tend  to  be  concentrated  in  eggs. 
While  direct  measurements  of  concentration  factors  for  PCDD/Fs  are  relatively  scarce,  Eisler  and  Belisle 
(1996)  provide  a  summary  of  tissue  residues  of  PCBs  in  a  range  of  bird  species  summarized  from  the 
literature.  They  note  that  tissue  residues  of  total  PCBs  in  herring  gulls  were  4-times  higher  in  whole  body 
versus  concentration  in  the  liver  from  a  study  by  Braune  and  Norstrom  1989  (cited  in  Eisler  and  Belisle 
1996),  while  concentrations  in  eggs  relative  to  the  concentration  in  liver  of  the  parent  birds  ranged  from 
1.6-times  higher  in  osprey,  2-times  higher  in  the  golden  eagle,  and  2.8-times  higher  in  the  white-tailed  sea 
eagle  (only  fish-eating  birds  were  selected  from  the  data)  (all  data  from  Froslie  et  al.  1986,  cited  in  Eisler 
and  Belisle  1996). 
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From  these  data  a  mean  concentration  in  eggs  of  2.13-times  liver  concentrations  is  calculated.  Therefore, 
it  can  be  calculated  that  predicted  tissue  residues  in  eggs  are  approximately  0.5-times  the  concentration  in 
the  whole  bird. 

Zimmerman  et  al.  (1997)  studied  a  number  of  waterfowl  species  and  found  that  species  that  feed  on 
invertebrates  (tufted  duck  in  their  study)  accumulated  the  lowest  tissue  residues  of  PCB  congeners,  while 
fish-eating  birds  such  as  herons  and  cormorants  accumulated  the  highest  concentrations  (TEQ  of  0.3  ng/g 
lipid  in  tufted  duck  versus  13  ng  TEQ/g  lipid  in  the  grey  heron  and  4  ng  TEQ/g  lipid  in  cormorants). 

Jones  et  al.  (1994)  calculated  a  mean  biomagnification  factor  of  31.3  for  accumulation  of  2,3,7, 8-TCDD 
from  fish  to  cormorant  eggs  based  on  data  from  eight  locations  in  the  Great  Lakes.  They  noted  in  their 
study  that  concentrations  were  higher  in  eggs  than  in  fish  and  that  concentrations  and  total  mass  decreased 
as  the  chicks  grew,  which  the  authors  attributed  to  growth  dilution. 

Froese  et  al.  (1998)  found  elevated  levels  of  PCBs  in  tree  swallow  eggs  and  nestlings  adjacent  to  the 
Saginaw  River  (Michigan)  and  related  concentrations  in  tree  swallows  to  sediment  concentrations  on  the 
basis  that  the  birds  would  be  exposed  through  feeding  on  emergent  aquatic  insects  that  could  be 
contaminated  with  PCBs.  Based  on  this  pathway  they  calculated  a  BSAF  (sediment  to  tree  swallow  eggs) 
of  0.8  and  from  this  back-calculated  that  a  sediment  concentration  of  0.15  ng  TEQ/g  organic  carbon 
would  be  protective  of  the  tree  swallow  at  a  consensus  NOAEL  for  avian  species  of  0.007  ng  TEQ/g  w.w. 
of  eggs.  The  BSAF  calculated  from  this  study  is  likely  lower  than  in  the  study  by  Jones  et  al.  (1994), 
since  these  birds  consume  insects  rather  than  fish.  As  such,  only  a  portion  of  their  diet  is  likely  to 
originate  from  aquatic  habitats  as  emergent  benthic  invertebrates. 

Powell  et  al.  (1997)  investigated  the  effects  of  PCB  126  and  2, 3,7, 8-TCDD  on  cormorant  eggs,  a 
ubiquitous  species  in  the  Great  Lakes  and  one  known  to  be  sensitive  to  the  effects  of  persistent  organic 
contaminants.  From  their  tests  they  derived  an  LC5o  of  158  ng/kg  for  PCB  126,  which  they  noted  was  69- 
times  higher  than  the  LC5o  determined  for  the  chicken  that  is  generally  used  as  the  reference  value  in 
ecological  risk  assessments.  However,  insufficient  data  were  available  for  2,3,7,8-TCDD,  and  the  study 
was  only  able  to  conclude  that  the  LC5o  is  >  4  ng/kg  egg  for  this  compound.  Based  on  the  avian  TEF  of 
0.1  as  developed  by  the  WHO,  the  LC50  for  PCB126  would  result  in  a  TEQ  of  15.8  ng/kg. 

U.S.  EPA  (2003)  provides  NOAEL  and  LOAEL  concentrations  for  exposure  to  dioxin-like  compounds 
for  a  range  of  avian  species.  The  data  for  the  receptor  species  potentially  present  in  the  lower  Trent  River 
are  provided  in  Table  4.5  below: 
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Table  4.5: 
Summary  of  EPA  (2003)  TRVs  for  Avian  Receptors 


Species 

Test  Type 

NOAEL 
(jig  TEQ/kg  egg) 

LOAEL 
(jig  TEQ/kg  egg) 

Mallard 

Laboratory  developmental  impairment 

35.36 

n.a. 

Laboratory  embryo  mortality 

35.35 

N,a, 

Herring  gull 

Laboratory  developmental  impairment 

50 

n.a. 

Laboratory  embryo  mortality 

50 

n.a. 

Great  blue  heron 

Field  developmental  effects 

0.013 

0.1 

Double-crested 
cormorant 

Laboratory  developmental  impairment 

3.67 

11.09 

Laboratory  embryo  mortality 

3.67 

11.09 

Field  developmental  effects 

n.a. 

0.35 

Osprey 

Field  developmental  effects 

0.14 

n.a. 

The  results  indicate  that  field  studies  typically  yielded  much  lower  effects  levels  than  laboratory  studies, 
and  also  suggest  that  the  heron  and  osprey  are  among  the  most  sensitive  of  the  species  included.  The  U.S. 
EPA  (2003)  study  concluded  that  the  difference  between  the  results  of  the  laboratory  studies  and  the  field- 
based  studies  is  due  to  the  effects  of  non-dioxin-like  co-contaminants  in  the  field,  and  possibly  parental 
behaviour  as  well,  and  on  the  basis  of  these  conclusions  recommended  that  the  laboratory-derived  data 
should  be  used. 

Based  on  the  results  of  the  above  review,  U.S.  EPA  (2003)  calculated  avian  SSDs  corresponding  to 
NOAELs  and  LOAELs  for  TEQs  in  eggs  and  these  are  presented  in  Table  4.6  below.  As  noted  earlier, 
Jones  et  al.  (1994)  calculated  a  BMF  of  31.3  from  fish  to  cormorant  eggs.  Assuming  that  the  BMF  is 
similar  in  other  bird  species,  this  permits  calculation  of  corresponding  fish  tissue  residues  for  the 
NOAELs  and  LOAELs  provided  by  U.S.  EPA  (2003),  which  in  turn  permits  comparison  of  the  EPA 
SSDs  with  fish  tissue  residues  in  fish  from  the  lower  Trent  River.  The  U.S.  EPA  (2003)  SSDs,  and  the 
calculated  fish  tissue  residue  TEQs  for  the  NOAELs  and  LOAELs  are  summarized  in  Table  4.6  below: 


Table  4.6: 
SSDs  for  Avian  Receptors.  U.S.  EPA  (2003) 


p 

NOAEL 
pg  TEQ/  g  egg 

[fish] 
Pg  TEQ/g 

LOAEL 
pg  TEQ/  g  egg 

[fish] 
Pg  TEQ/g 

0.05 

100 

3 

200 

6 

0.1 

280 

9 

400 

13 

0.2 

960 

31 

870 

28 

0.3 

2,330 

74 

1,550 

50 

0.4 

4,970 

159 

2,530 

81 

0.5 

10,110 

323 

3,990 

127 
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p 

NOAEL 
pg  TEQ/  g  egg 

[fish] 
Pg  TEQ/g 

LOAEL 
pg  TEQ/  g  egg 

[fish] 
Pg  TEQ/g 

0.6 

20,570 

657 

6,310 

202 

0.7 

43,970 

1,405 

10,300 

329 

0.8 

106,950 

3,417 

18,260 

583 

0.9 

366,920 

11,723 

40,400 

1,291 

0.95 

1,015,560 

32,446 

77,830 

2,487 

The  results  presented  in  Table  4.6  are  interpreted  as  the  percent  of  species  (p)  for  which  the  NOAEL  or 
LOAEL  are  exceeded  at  a  given  egg  concentration,  or,  for  a  single  species,  the  probability  (p)  that  the 
NOAEL  or  LOAEL  is  exceeded  (as  %).  As  noted,  the  above  table  includes  estimates  of  fish  tissue 
concentrations  that  could  result  in  the  corresponding  NOAEL  or  LOAEL  concentration,  based  on  the 
BMF  of  31.3  developed  by  Jones  et  al.  (1994).  For  example,  from  the  above  table,  at  a  NOAEL 
concentration  in  egg  of  280  pg  TEQ/g  egg,  the  developmental  NOAEL  is  exceeded  for  10%  of  the 
species,  or  alternatively,  the  probability  that  the  developmental  NOAEL  is  exceeded  for  a  single  species  is 
10%.  This  corresponds  to  a  fish  tissue  residue  of  9  pg  TEQ/  g  w.w.  These  are  intended  as  screening 
benchmarks  in  the  exposure  assessment  in  the  following  section  where  the  fish  tissue  residues  are 
screened  against  the  NOAEL  and  LOAEL  concentrations  to  determine  whether  more  detailed  assessment 
of  fish-eating  wildlife  is  warranted. 

Sample  et  al.  (1996)  provided  a  NOAEL  for  avian  receptors  of  14  ng  TEQ/kg-b.w./day  (14,000  pg 
TEQ/kg-b.w./day)  and  a  LOAEL  of  140  ng  TEQ/kg-b.w./day  (140,000  pg  TEQ/kg-b.w./day)  based  on  a 
study  using  ring-necked  pheasants.  The  NOAEL  and  LOAEL  are  based  on  a  study  by  Nosek  et  al.  (1992) 
(cited  in  Sample  et  al.  1996)  with  ring-necked  pheasants,  using  a  reproductive  endpoint  (egg  production 
and  hatchability),  that  is  consistent  with  the  known  sensitivity  of  eggs  and  young  of  avian  species  to 
PCDD/Fs.  Thus,  since  the  critical  life  stage  was  used,  this  is  considered  as  a  suitably  sensitive  benchmark 
and  is  used  to  assess  potential  risks  to  avian  species  in  the  following  section. 

Sample  et  al.  (1996)  do  not  recommend  scaling  for  avian  species,  since  in  their  review  of  the  available 
studies  they  noted  that  body-weight  scaling  factors  in  birds  were  not  significantly  different  from  1  (they 
cite  a  range  of  0.63  to  1.55  with  a  mean  value  of  1.15).  Therefore  this  TRV  is  used  directly  for  assessment 
of  potential  impacts  on  the  avian  receptors  potentially  present  on  the  site.  A  MATC  (Maximum 
Acceptable  Toxicant  Concentration)  of  44.7  ng  TEQ/kg-b.w./day  is  calculated  as  the  geometric  mean  of 
the  NOAEL  and  LOAEL.  The  MATC  is  used  as  an  intermediate  screening  level  once  the  NOAEL  has 
been  exceeded.  The  LOAEL  is  considered  a  potential  effect  level,  above  which  reproductive  effects  in 
birds  could  occur.  Therefore,  the  MATC  is  considered  a  more  suitable  benchmark  for  secondary 
screening  since  exceedance  of  the  MATC  does  not  necessarily  imply  that  an  adverse  effect  will  occur. 

Studies  on  fish-eating  mammals,  such  as  mink,  indicate  that  the  effects  of  PCDD/Fs  and  dl-PCBs  are  also 
expressed  as  reproductive  impairment,  with  the  young  identified  as  the  most  sensitive  stage.  Brunstrom  et 
al.  (2001)  note  that  in  their  study,  reproductive  effects,  as  reduced  litter  size  and  reduced  survival  of  kits, 
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typically  occurred  in  the  second  reproductive  season,  and  was  not  accompanied  by  any  apparent  effects 
on  the  parent.  Therefore,  the  reproductive  effects  appear  to  be  the  most  sensitive  endpoint. 

Daily  dose  calculated  from  the  values  provided  by  Sample  et  al.  (1996),  based  on  the  feeding  experiments 
with  the  rat,  resulted  in  a  NOAEL  of  0.24  ng/kg-b.w./day.  Converting  this  result  to  mink,  Sample  et  al. 
(1996)  proposed  a  NOAEL  of  0.8  ng  TEQ/kg-b.w./day  (800  pg  TEQ/kg-b.w./day). 

Bursian  et  al.  (2006)  calculated  that  female  mink  that  consumed  a  daily  dose  of  7.67  ng  (7,670  pg) 
TEQ/kg-b.w./day  of  PCBs  had  reduced  survivability  of  kits  at  3  and  6  weeks  of  age  (kits  were  exposed  in 
utero  and  through  lactation).  No  adverse  effects  were  noted  on  adults  at  this  dose.  This  value  was 
considered  a  LOAEL,  and  they  further  calculated  a  NOAEL  of  1.69  ng  (1,690  pg)  TEQ/kg-d.w./day.  In 
addition,  they  calculated  a  population  LCio  (i.e.,  the  concentration  at  which  10%  of  the  population  could 
potentially  be  adversely  affected  )  of  452  pg  TEQ/kg-b.w./day  and  an  LC20  of  1,730  pg  TEQ/kg-b.w./day. 

Tillitt  et  al.  (1996)  calculated  a  NOAEL  of  80  pg  TEQ/kg-b.w./day,  a  threshold  dose  (i.e.  equivalent  to 
the  MATC)  of  420  pg  TEQ/kg-b.w./day,  and  a  LOAEL  of  2,240  pg  TEQ/kg-b.w./day)  based  on 
reproductive  effects  on  mink  fed  a  diet  of  carp  naturally  contaminated  with  PCDD/Fs  and  similar 
substances  from  Saginaw  Bay,  Michigan.  Since  this  is  the  lowest  NOAEL  obtained,  this  value  is  used  as 
the  benchmark  for  screening  potential  risks  to  the  mink. 

4.2.2      Terrestrial  Exposure  Assessment 

The  toxicity  benchmarks  reviewed  and  selected  in  the  previous  section  are  used  in  this  section  to  screen 
for  potential  risks  to  biota.  The  screening  is  based  on  the  understanding  that  where  concentrations  exceed 
the  benchmarks  there  is  a  potential  for  adverse  effects. 

Avian  Receptors 

The  risk  assessment  is  based  on  the  upper  95%  confidence  limits  of  the  mean  concentrations  in  sediments 
and  biota  in  each  of  the  Areas,  and  are  expressed,  where  possible,  as  risk  quotients  with  respect  to 
exceedance  of  the  NOAEL  of  14  ng/kg-b.w./day. 

The  concentrations  in  fish  tissues  (young-of-the-year  yellow  perch)  were  used  in  an  initial  screening  to 
assess  whether  there  was  risk  of  adverse  effects  on  fish-eating  birds.  The  screening  is  conducted  assuming 
that  the  birds  are  continually  present,  and  feed  on  fish  only  from  the  local  area.  The  screening  is 
conducted  using  the  WHO  avian  TEFs  (Van  den  Berg  et  al.  1998)  to  calculate  fish  tissue  TEQs. 

Both  mean  and  the  upper  95%  CL  concentrations  from  Table  A-4  were  used  to  screen  fish  tissue  residues 
for  potential  risks  to  birds.  The  concentrations  in  fish  tissues  are  summarized  in  Table  4.7  below: 
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Table  4.7: 
Summary  of  Fish  Tissue  Residues  Used  in  Predicting  Avian  Exposures 


Location 

Mean  [fish] 

pg  TEQ/g  w.w. 
(avian  TEFs)1 

95%  UCL  [fish] 

pg  TEQ/g  w.w.  (avian 
TEFs)2 

Measured  Concentrations 

Upstream 
Reference 

6.83 

10.8 

Area  A 

11.07 

13.48 

AreaB 

16.17 

21.21 

Predicted  Concentrations 

Upstream 
Reference 

6.83 

10.8 

Area  A  East 

10.9 

13.57 

AreaB 

16.17 

37.25 

AreaC 

14.01 

29.66 

AreaD 

18.91 

48.77 

AreaE 

12.88 

27.35 

AreaF 

21.51 

80.32 

Calculated  on  the  basis  of  mean  BSAF  (mean  sediment  concentration:  mean  tissue  residue) 
-  Calculated  on  the  basis  of  95%  UCL  BSAF  (95%  UCL  sediment  concentrations  :  95%  UCL  fish  tissue  residues) 


Comparison  with  the  U.S.  EPA  (2003)  results  (Table  4.5)  indicates  that  in  Area  B,  the  mean  and  95% 
UCL  concentrations  in  fish  are  likely  to  exceed  the  NOAEL  concentrations  for  10-20%  of  the  species,  or, 
viewed  in  another  way,  there  is  a  10-20%  probability  of  an  effect  on  any  one  species.  While  this  is  viewed 
as  a  low  risk,  in  order  to  ensure  that  a  conservative  approach  is  taken,  it  is  considered  as  indicating  the 
potential  for  a  slight  risk  to  some  sensitive  species.  Accordingly,  a  more  detailed  assessment  is 
undertaken. 

Based  on  the  BMF  calculated  by  Jones  et  al.  (1994)  of  31.3  from  fish  to  cormorant  eggs,  the 
concentration  in  fish  was  estimated  using  both  the  laboratory  data  and  the  field-based  data.  Using  the  U.S. 
EPA  (2003)  SSD  calculations  from  Table  4.6,  the  concentration  of  PCDD/F  TEQs  in  fish  that  could  result 
in  a  concentration  in  cormorant  eggs  at  the  LOAEL  (i.e.,  the  lowest  field-based  endpoint)  of  0.35  ug 
TEQ/kg  egg  is  0.011  ug  TEQ/kg  (or  11  pg  TEQ/g),  while  using  the  laboratory-based  NOAEL  (i.e.,  the 
lowest  lab-based  endpoint  as  recommended  by  EPA  (2003))  resulted  in  a  potential  concentration  in  fish  of 
1 17  pg  TEQ/g.  Predicted  tissue  concentrations  in  YOY  yellow  perch,  which  are  considered  to  be  typical 
of  the  size  of  fish  most  avian  receptors  would  consume,  ranged  up  to  39  pg  TEQ/g  in  Area  F  (western 
Bay  of  Quinte).  The  results  suggest  that  there  is  low  risk  of  adverse  effects  on  avian  species.  It  should  be 
noted  that  the  above  estimates  are  based  on  the  assumption  that  the  avian  species  would  be  continually 
present  and  would  be  feeding  exclusively  in  the  area.  For  cormorants  this  is  an  unlikely  assumption,  and 
as  such  represents  a  conservative  exposure  scenario.  It  should  be  noted  that  the  high  estimate  of  39  pg 
TEQ/g  in  fish  tissue  is  based  on  extrapolation  of  fish  tissue  residues  in  fish  from  the  lower  Trent  River  to 
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YOY  perch  in  the  nearshore  areas  of  the  Western  Bay  of  Quinte,  and  calculated  on  the  basis  of  a  single 
sediment  sampling  point  in  the  western  Bay.  Since  data  are  lacking  for  sediment  concentrations  in  the 
nearshore  areas  of  the  western  Bay,  this  may  prove  to  be  a  significant  over-estimate. 

A  second  assessment  was  conducted  relative  to  species-specific  tolerable  daily  intake  (TDI)  values  as 
developed  by  the  CCME  (2001).  The  benchmark  selected  for  exposure  of  birds  to  PCDD/Fs  and  dl-PCBs 
is  based  on  the  NOAEL  value  provided  by  Sample  et  al.  (1996)  of  0.000014  mg  TEQ/kg-b.w/day,  or  14 
ng/kg-b.w./day  as  discussed  in  the  previous  section.  CCME  (2001)  also  based  their  TDI  of  4.47  ng 
TEQbird/kg-b.w./day  on  this  study.  The  CCME  derived  the  TDI  by  calculating  the  geometric  mean  of  the 
NOAEL  and  LOAEL  (44.7  ng  TEQb;rd/kg-b.w./day)  (i.e.,  a  MATC)  and  multiplying  by  a  safety  factor  of 
0.1.  While  the  use  of  a  safety  factor  may  be  appropriate  for  generic  use,  it  may  be  considered  overly 
conservative  in  this  application. 


The  CCME  used  the  above  value  to  derive  a  generic  tissue  residue  guideline  (i.e.,  recommended  limit  for 
concentration  of  PCDD/Fs  in  food)  for  avian  species  by  dividing  the  TDI  by  the  food  intake  to  body 
weight  ratio  of  0.98  for  the  Wilson's  storm  petrel,  which  has  a  very  high  food  intake.  By  applying  the 
food  intake:  body  weight  ratio  for  the  receptor  species  considered  in  this  study  to  the  CCME  TDI  of  4.47 
ng  TEQ/kg-b.w./day  (converted  to  4,470  pg  TEQ/kg-b.w./day  to  be  consistent  with  the  reporting  format 
in  this  study)  a  species-specific  guideline  is  derived  in  Table  4.8  for  the  avian  receptors  used  in  this 
assessment. 

Table  4.8: 
Species-Specific  TDIs  Based  on  CCME  Approach 


Species 

TDI  (pg  TEQ/kg- 
b.w/day) 

Food  Intake: 

Body  Weight 

Ratio1 

Species-Specific 
TDI  (pg/kg  diet) 

Mallard 

4,470 

0.063 

70,952 

Common  Merganser 

4,470 

0.2 

22,350 

Great  Blue  Heron 

4,470 

0.18 

24,833 

Double  crested  Cormorant 

4,470 

0.3 

14,900 

CCME  (2001)  also  noted  a  TDI  for  the  protection  of  avian  receptors  of  42.4  ng  TEQbird/kg-b.w./day  based 
on  the  study  using  white  leghorn  chickens  (CCME  2001).  This  is  similar  to  the  TDI  calculated  from  the 
Nosek  et  al.  (1992)  study  noted  above. 

While  the  above  assessments  indicate  that  risks  to  avian  receptors  are  likely  to  be  low,  the  potential 
effects  on  fish-eating  wildlife  are  further  considered  through  a  more  detailed  assessment.  In  this 
assessment  the  potential  exposure  of  wildlife  to  PCDD/Fs  and  dl-PCBs  through  consumption  of 
contaminated  prey  is  assessed  on  the  basis  of  predicted  daily  doses  (or  TDIs)  calculated  using  standard 
equations,  as  recommended  by  the  CCME  (1996)  and  the  U.S.  EPA  (1998).  The  daily  doses  are  a  means 
of  expressing  exposure  of  biota  relative  to  toxicity  reference  values  derived  from  controlled  exposures  of 
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similar  organisms  in  laboratory  tests.  The  test  results  are  then  scaled  accordingly  for  application  to  other, 
similar  species. 

Wildlife  exposures  consider  both  the  ingestion  of  contaminated  prey,  and  the  incidental  ingestion  of 
contaminated  sediments.  The  equations  described  below  use  inputs  of  both  food  sources  and  incidental 
sediment  ingestion,  for  those  species  where  the  latter  is  a  significant  route. 

The  exposure  of  wildlife  is  based  on  the  generic  equations  provided  in  the  CCME  guidance  (CCME 
1996): 

m 

ADDpot  =  X  (Ck  x  FRk  x  NIRk )  (Equation  1) 

ic=l 

where:          ADDpot  =  potential  average  daily  dose  (mg/kg) 

Ck  =  average  contaminant  concentration  in  the  k'  type  of  food  (mg/kg  w.w) 

FRk  =  Fraction  of  the  intake  of  the  kth  food  type  that  is  contaminated 

NIRk  -  Normalized  ingestion  rate  of  the  kth  food  type  (w.w.) 

m  =  number  of  contaminated  food  types. 

Similarly,  soil  or  sediment  ingestion  is  estimated  by  the  following  equation  from  CCME  (1996): 


ADDpot  = 


in 

^(CkxFSxIRtotalxFRk) 


k=\ 


I BW  (Equation  2) 


where:  ADDpot  =  potential  average  daily  dose  (ug/g) 

Ck  =  average  contaminant  concentration  in  soil  in  k'  foraging  area  (ug/g  d.w.) 

FS  =  fraction  of  soil  in  diet 

IRtotai  =  Food  ingestion  rate  (kg/day  d.w.) 

FRk  -  fraction  of  total  food  intake  from  the  k'  foraging  area 

BW  -  body  weight  (kg) 

m  =  total  number  of  foraging  areas. 

Exposures  of  the  receptors  are  based  on  literature  derived  habitat  use  factors,  home  ranges,  feeding  rates 
and  feeding  preferences.  Table  A- 13  summarizes  the  factors  used  for  each  of  the  receptors. 

The  exposure  considers  only  ingestion  of  prey  and  sediment,  since  ingestion  of  water  is  low,  and 
concentrations  of  the  COCs  in  water  have  been  shown  to  be  negligible.  As  a  result,  the  water  pathway  of 
exposure  is  likely  to  contribute  negligible  quantities  of  the  COCs  in  comparison  with  food  and  sediment 
sources. 

Since  dl-PCBs  exert  a  toxic  effect  in  a  manner  similar  to  PCDD/Fs  (i.e.,  through  the  Ah-receptor),  their 

potential  toxicity  is  considered  with  respect  to  the  TRV  for  PCDD/Fs  of  14,000  pg  TEQbird/kg-b.w./day 

(i.e.,  the  NOAEL  noted  above  of  14  ng  TEQbird/kg-b.w./day).  Therefore,  in  the  assessment  of  exposure, 

the  exposure  of  avian  receptors  to  PCDD/Fs  and  dl-PCBs  is  considered  as  the  sum  of  the  daily  doses  (or 
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TDI)  of  each  compound.  Where  there  is  a  potential  risk  identified  (i.e.,  where  the  RQnoael  >  1),  an 
additional  assessment  is  made  against  the  MATC  of  44.7  ng  TEQbird/kg-b.w./day. 

The  exposure  estimates  are  provided  in  Tables  A-2  and  A-3.  The  estimates  are  calculated  based  on  tissue 
residues  of  the  individual  PCDD/F  and  dl-PCB  congeners,  since  as  noted  in  Section  3,  the  uptake  of  these 
COCs  is  variable  among  benthic  invertebrates  and  fish.  In  particular,  the  concentrations  of  the  hepta-  and 
octa-chlorinated  congeners  are  much  lower  in  invertebrate  and  fish  tissues  than  their  presence  in  the 
sediment  would  suggest.  Since  the  avian  receptors  would  be  exposed  only  through  ingestion  of  these  prey 
organisms,  their  exposure  would  be  limited  to  those  substances  that  are  accumulated  in  the  prey  tissues. 
Therefore,  for  each  congener,  the  individual  estimates  of  accumulation,  based  on  the  prey  tissue  residues, 
are  then  used  to  calculate  the  TEQ  dose,  based  on  the  avian  WHO  TEQs  (Van  den  Berg  et  al.  1998).  The 
individual  TEQs  for  each  congener  are  then  summed,  and  the  sum  of  the  TEQs  is  assessed  relative  to  the 
TRV. 

The  calculated  RQs  for  the  avian  receptors  are  provided  in  Table  4.9  below.  As  noted,  the  exposures  are 
based  on  the  following  calculations: 

•  Receptor  exposure  is  based  on  the  95%  UCL  concentration  in  the  food  and  sediment; 

•  Receptor  exposure  is  initially  calculated  for  each  Area,  and  exposure  assumes  that  the  receptor 
feeding  is  confined  exclusively  to  each  Area  (i.e.,  the  receptors  are  assumed  to  spend  100%  of  the 
time  in  the  Area). 

It  is  recognized  that  these  are  unreasonably  conservative  assumptions  for  the  avian  receptor  species 
considered  in  this  risk  assessment,  since  the  typical  feeding  ranges  of  these  birds  are  much  larger  than  any 
one  Area,  and  in  most  cases  are  larger  than  the  entire  Trent  River  mouth  area.  However,  this  provides  a 
very  conservative  base  from  which  to  assess  exposure.  If  there  are  negligible  risks  under  these  very 
conservative  assumptions,  and  against  the  conservative  NOAEL  benchmarks  used,  then  there  is  likely  to 
be  negligible  risk  of  adverse  effects  on  these  species  under  natural  exposure  conditions.  Insufficient  data 
on  fish  tissue  residues  precluded  calculation  of  exposures  of  fish-eating  birds  in  Area  A  East. 


Table  4.9: 
Predicted  Daily  Dose  of  dl-PCBs,  PCDD/Fs  and  total  TEQ  and  Calculated  RQs 


Area 

Receptor  Species 

Predicted  daily  dose  [pg 
TEQ/kg-b.w./day) 

RQnoael  (14 
ng  TEQ/kg- 
b.w./day) 

RQmatc 

(44.7 

ngTEQ/kg- 

b.w./day) 

PCDD/F 

dl-PCB 

Total 

Area  A  West 

Mallard 

2.06 

7.97 

10.03 

0.0007 

- 

Merganser 

n.a. 

n.a. 

n.a. 

n.a. 

Great  Blue  Heron 

n.a. 

n.a. 

n.a. 

n.a. 

Cormorant 

n.a. 

n.a. 

n.a. 

n.a. 

Area  A  East 

Mallard 

0.26 

7.07 

7.33 

0.0005 

- 
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Area 

Receptor  Species 

Predicted  daily  dose  [pg 
TEQ/kg-b.w./day) 

RQnoael  (14 
ng  TEQ/kg- 
b.w./day) 

RQmatc 

(44.7 

ngTEQ/kg- 

b.w./day) 

PCDD/F 

dl-PCB 

Total 

Merganser 

0.29 

1.51 

1.80 

0.0001 

- 

Great  Blue  Heron 

0.4 

2.06 

2.46 

0.0002 

- 

Cormorant 

0.44 

2.27 

2.71 

0.0002 

- 

AreaB 

Mallard 

0.56 

1.32 

1.88 

0.0001 

- 

Merganser 

2.33 

2.64 

4.97 

0.0004 

- 

Great  Blue  Heron 

3.17 

3.59 

6.76 

0.0005 

- 

Cormorant 

3.5 

3.95 

7.45 

0.0005 

- 

AreaC 

Mallard 

0.26 

3.32 

3.58 

0.0003 

- 

Merganser 

2.26 

1.69 

3.95 

0.0003 

- 

Great  Blue  Heron 

3.08 

2.30 

5.38 

0.0004 

- 

Cormorant 

3.4 

2.54 

5.94 

0.0004 

- 

AreaD 

Mallard 

0.38 

2.69 

3.07 

0.0002 

- 

Merganser 

1.74 

4.76 

6.50 

0.0005 

- 

Great  Blue  Heron 

2.36 

6.49 

8.85 

0.0006 

- 

Cormorant 

2.61 

7.15 

9.76 

0.0007 

- 

AreaE 

Mallard 

0.26 

6.50 

6.76 

0.0005 

- 

Merganser 

2.10 

1.54 

3.64 

0.0003 

- 

Great  Blue  Heron 

2.86 

2.1 

4.96 

0.0004 

- 

Cormorant 

3.16 

2.31 

5.47 

0.0004 

- 

AreaF 

Mallard 

2.61 

3.38 

5.99 

0.0004 

- 

Merganser 

5.20 

5.51 

10.71 

0.0008 

- 

Great  Blue  Heron 

7.08 

7.49 

14.57 

0.001 

- 

Cormorant 

7.81 

8.26 

16.07 

0.0011 

- 

n.a.  -  insufficient  data  for  young  fish  precluded  calculation  of  exposure 

The  above  screening  indicates  that  at  the  NOAEL  TRV,  there  are  negligible  risks  to  avian  consumers  of 
invertebrates  or  fish  in  the  sub-areas  where  sediments  have  accumulated.  Therefore,  an  additional 
assessment  against  MATC  and  LOAEL  TRVs  is  not  warranted. 

In  addition,  when  comparison  is  made  to  the  species-specific  TDIs  calculated  in  Table  4.8  from  the 
CCME  TDI,  it  is  apparent  that  the  predicted  daily  exposures  for  all  receptors  are  substantially  lower  than 
the  species-specific  TDIs. 

Mammalian  Receptors 


Exposure  of  mammalian  receptors  focused  on  the  mink.  The  effects  on  mink  were  assessed  through 
estimation  of  exposures  through  calculated  daily  doses,  and  used  the  equations  cited  earlier  in  this  section 
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(Equations  1  and  2).  The  calculated  daily  doses,  based  on  the  assumption  that  mink  feed  exclusively  on 
young-of-the-year  fish  (yellow  perch)  from  each  Area  for  8  months  of  the  year,  are  provided  in  Tables  A- 
2  and  A-3.  Exposures  to  PCDD/F  and  dl-PCBs  are  calculated  separately,  since  this  provides  a  means  of 
assessing  the  relative  contribution  of  each.  As  with  the  avian  receptors,  the  assessment  assumes  that  mink 
will  be  exposed  only  to  those  congeners  that  have  been  accumulated  by  fish.  The  exposure  assessment  is 
based  on  the  calculated  95%  UCL  in  fish,  which  in  turn  is  based  on  the  95%  UCL  sediment  and  fish 
tissue  residue  concentrations  as  described  earlier. 

Therefore,  in  Tables  A-2  and  A-3,  the  exposure  is  calculated  for  each  congener  individually,  and  the 
TEQs  are  calculated  using  the  WHO  TEFs  (1997)  for  mammals  for  each  congener  and  are  then  summed 
for  a  total  TEQ.  The  results  are  summarized  by  Area  in  Table  4. 10  below. 

Table  4.10: 
Summary  of  Exposure  of  Mink  to  dl-PCBs  and  PCDD/Fs  Based  on  Estimated  Daily  Dose 


Area 

Predicted  Daily  Dose  in  pg  TEQmamm  /kg-b.w./day 

RQnoael 
(80  pg/kg- 
b.w./day)1 

RQlcio 
(452 

pg/kg- 
b.w./day) 

dl-PCBs 

PCDD/Fs 

Total 

A 

0.24 

0.06 

0.30 

0.004 

<0.001 

B 

0.29 

0.5 

0.79 

0.010 

0.002 

C 

0.25 

0.45 

0.70 

0.009 

0.002 

D 

0.47 

0.44 

0.92 

0.012 

0.002 

E 

0.17 

0.26 

0.43 

0.005 

0.001 

F 

0.53 

0.55 

1.08 

0.014 

0.002 

1  -  Tillitt  ef  al.  (1996); 2  -  Bursian  ef  al.  (2006)  mink  population  LCio. 

The  calculated  daily  dose  did  not  exceed  the  NOAEL  developed  by  Tillitt  et  al.  (1996)  in  any  of  the 
Areas.  The  results  indicate  that  predicted  exposures,  even  under  the  very  conservative  assumptions  that 
mink  would  be  present  and  confined  to  each  Area,  are  low  and  the  risks  due  to  exposure  to  dl-PCBs  and 
PCDD/Fs  were  considered  negligible.  It  is  worth  noting  that  in  each  Area,  the  predicted  exposure  due  to 
PCDD/Fs,  was  nearly  equal  to  the  predicted  exposures  from  dl-PCBs,  calculated  as  TEQs.  Comparison  of 
predicted  daily  doses  to  the  population  LCio  developed  by  Bursian  et  al.  (2006),  indicates  that  risks  at  the 
population  level  would  be  negligible  for  the  mink. 

4.3         Spatially-Weighted  Assessment 

In  addition  to  the  preceding  calculations,  a  secondary  assessment  has  been  undertaken  that  provides  an 
alternative  means  of  assessing  potential  exposures  based  on  the  typical  feeding  ranges  of  the  avian  and 
mammalian  receptors.  In  this  assessment,  the  receptor  exposure  is  calculated  on  the  basis  of  normal 
feeding  ranges.  For  this  calculation,  each  sub-area  is  considered  as  contributing  to  exposure  on  the  basis 
of  the  contribution  of  the  Area  as  a  percentage  of  the  entire  feeding  range  (i.e.,  the  contaminant  exposure 
from  each  area  is  spatially  weighted).  The  benchmarks  used  (NOAEL  and  MATC)  are  the  same  as  those 
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used  in  the  Area-specific  assessments  in  the  preceding  sections.  For  this  assessment,  the  concentrations  in 
Area  F  (western  Bay  of  Quinte)  are  considered  to  represent  conditions  within  the  entire  western  end  of  the 
Bay,  from  the  mouth  of  the  Trent  River  to  approximately  2  km  west  and  1  km  south.  The  areas  of  each 
Area  are  summarized  in  Table  4.11: 


Table  4.11: 
Spatial  Weighting  Calculations 


Area 

Area  m2 

Percent  of 

Total  Area  of 

Exposure 

B 

9,231 

0.5 

C 

22,900 

1.3 

D 

83,905 

4.7 

E 

27,389 

1.5 

F 

1,769,098 

91.9 

Based  on  this  calculation,  the  spatially-weighted  predicted  exposures  for  the  avian  receptors  are  provide 
in  Table  4. 12  below: 


s 

patially-Weij 

Table  4.12: 

*hted  Receptor  Exposure 

Receptor  Species 

Predicted  Exposure  (pg  TEQ/kg- 
b.w./day) 

RQnoael 

RQmatc 

PCDD/F 

dl-PCB 

Total 

Mallard 

2.43 

3.38 

5.81 

0.0004 

- 

Merganser 

4.94 

5.34 

10.28 

0.0007 

- 

Heron 

6.72 

7.27 

13.9 

0.001 

- 

Cormorant 

7.4 

8.01 

15.4 

0.0011 

- 

Mink 

0.54 

0.04 

0.58 

0.007 

- 

The  spatially-weighted  assessment  indicates  that  the  exposure  of  avian  receptors  is  not  likely  to  reach  the 
NOAEL  benchmark,  and  therefore,  adverse  effects  are  unlikely.  As  is  apparent  from  the  results  in  Table 
4.11,  the  concentrations  in  Area  F  have  the  greatest  influence  on  the  exposure  assessment,  and  essentially 
drive  this  assessment.  The  limitations  noted  earlier  regarding  Area  F  apply  to  this  assessment  as  well.  The 
lack  of  data  results  in  a  higher  prediction  of  risk  since  only  a  single  data  point  is  included  in  Area  F  and 
therefore  considerable  uncertainty  is  associated  with  this  result.  This  could  be  addressed  through 
collection  of  additional  data  in  nearshore  areas. 
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4.4         Catastrophic  Exposure  Scenario 

The  studies  conducted  by  MOE  and  Environment  Canada  revealed  that  the  deeper  sediments  in  Areas  B 
and  D  had  higher  concentrations  of  PCDD/Fs  and  dl-PCBs  than  surface  sediments  (defined  as  the  0-10 
cm  section).  Therefore,  this  raises  the  concern  that  if  surface  materials  are  eroded,  likely  through  a 
catastrophic  event  such  as  flooding,  the  deeper,  more  contaminated  sediments  could  be  exposed  and 
present  increased  risks  to  biota.  In  order  to  address  this  concern,  in  this  section,  the  potential  exposures 
are  considered  under  conditions  where  the  surface  sediments  have  been  removed  to  expose  the  more 
contaminated  layers. 

The  assessment  assumed  that  the  sediment  has  been  eroded  at  each  sampling  point  to  expose  the  highest 
sediment  concentrations  of  PCDD/Fs.  Subsurface  sediment  data  for  dl-PCBs  was  lacking  and  therefore 
the  assessment  focuses  on  PCDD/Fs.  The  BSAFs  calculated  for  the  mayflies  and  YOY  yellow  perch 
were  used  to  predict  tissue  residue  concentrations  for  individual  congeners  at  the  highest  sediment 
concentrations,  assuming  that  the  uptake  kinetics  also  apply  at  higher  PCDD/F  concentrations.  The 
sediment  data  and  predicted  tissue  residues  in  benthos  and  fish  are  summarized  in  Table  A- 14. 

Table  4.13  presents  the  predicted  tissue  residues  in  young-of-the-year  yellow  perch  and  the  predicted 
risks  based  on  the  NOAEL  of  30  pg  TEQ/g  w.w  for  lake  trout  eggs  and  on  the  dietary  NOAEL  of  1.8  pg 
TEQ/g  w.w.  of  food  from  Giesy  et  al.  (2002). 


Table  4.13: 
Predicted  Tissue  Residues  in  Mayflies  and  YOY  Yellow  Perch 


Area 

Predicted  Mayfly 
Tissue  Residue 
(pg  TEQ/g  w.w) 

RQnoael  Diet 

(1.8  pg  TEQ/g 

w.w) 

Predicted  Tissue 

Residue  (pg 

TEQfish/g  w.w) 

RQnoael  (30 

Pg  TEQ/g 

w.w) 

B 

19.14 

10.6 

18.57 

0.6 

D 

12.23 

6.8 

16.87 

0.6 

As  indicated  in  Table  4.13,  there  are  potential  risks  to  fish  through  dietary  exposure.  As  noted  earlier,  this 
is  based  on  the  exposure  of  rainbow  trout  to  2,3,7, 8-TCDD,  and  may  be  overly  conservative.  However,  it 
does  indicate  that  there  is  a  potential  for  risks  to  some  sensitive  fish  species  through  exposure  to 
PCDD/Fs  in  the  sediment.  The  assessment  indicates  that  based  on  predicted  accumulation  factors  and 
maternal  transfer  of  PCDD/Fs,  there  is  low  risk  of  adverse  effects  on  developing  eggs.  While  tissue 
residues  under  the  catastrophic  exposure  scenario  increased  by  more  than  2-times  over  existing  exposures 
(see  Table  4.1),  predicted  tissue  residues  were  below  the  NOAEL  for  lake  trout  eggs.  As  noted  earlier, 
this  NOAEL  is  based  on  a  benchmark  derived  for  the  most  sensitive  species,  and  may  be  overly 
conservative  for  other  species  such  as  the  yellow  perch.  It  is  worth  noting  that  sediment  concentrations  of 
the  higher  chlorinated  congeners  in  the  deeper  sediment  layers  increased  by  over  10-times  at  some 
locations,  but  that  due  to  the  low  accumulation  of  these  congeners  by  biota,  predicted  exposures  increased 
by  a  factor  of  approximately  2-times.  As  such,  the  low  bioavailability  of  these  congeners  from  the 
sediments  appears  to  provide  some  protection  against  exposure. 
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Table  4.14,  presents  the  predicted  daily  dose  for  total  TEQ  for  each  of  the  avian  and  mammalian  receptors 
and  the  predicted  risks  based  on  the  NOAEL  for  avian  species  of  14,000  pg  TEQ/kg-b.w./day,  and  the 
NOAEL  of  80  pg  TEQ/kg-b.w./day  for  the  mink.  The  table  includes  exposure  to  both  the  current  surficial 
sediment  concentrations  (identified  as  "existing"  in  Table  4.14)  and  predicted  maximum  exposures. 

Table  4.14: 

Predicted  Exposure  of  Avian  and  Mammalian  Receptors  (pg  TEQ/kg-b.w./day) 

At  Existing  and  Maximum  Sediment  Concentrations  of  PCDD/F  at  Depth 


Area 

Mallard 

Merganser 

Heron 

Cormorant 

Mink 

B 

Existing 

0.56 

2.33 

3.17 

3.5 

0.5 

B 

Maximum 

1.38 

4.37 

5.95 

6.55 

1.42 

D 

Existing 

0.38 

1.74 

2.36 

2.61 

0.44 

D 

Maximum 

0.65 

2.81 

3.82 

4.21 

0.84 

Bold  values  indicate  exceedances  of  NOAEL. 

The  results  indicate  that  the  avian  and  mammalian  receptors  are  not  likely  to  be  at  risk  through  exposure 
of  deeper  sediments.  While  daily  dose  increased  for  each  of  the  receptors,  as  compared  to  exposure  to 
existing  surficial  sediment  concentrations,  levels  were  well  below  the  NOAEL  concentration  of  14,000  pg 
TEQ/kg-b.w./day.  The  results  indicate  that  even  under  this  scenario,  the  risks  to  biota  would  be  minor. 
Similarly,  potential  exposure  of  the  mink  is  well  below  the  TRV  of  80  pg  TEQ/kg-b.w./day  described  in 
Section  4.2.1. 

As  noted  earlier,  the  lack  of  uptake  of  the  higher  chlorinated  congeners  by  benthos  and  fish  limits  the 
exposure  of  avian  and  mammalian  species  to  PCDD/Fs  in  their  diet.  Therefore,  despite  higher 
concentrations  of  the  higher  chlorinated  congeners  at  depth  in  the  sediments,  the  availability  and  uptake 
of  these  by  benthos  and  fish,  and  the  potential  transfer  of  these  to  fish-eating  birds  and  mammals  is  very 
low. 
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5.0  SUMMARY  OF  POTENTIAL  RISKS 

5.1  Aquatic  Biota 

5.1.1      Dioxins  and  Furans  and  dioxin-like  PCBs 

The  potential  risks  to  benthos  were  assessed  directly  through  toxicity  tests  conducted  by  Environment 
Canada.  As  noted  in  Section  3,  the  Environment  Canada  tests  indicated  no  toxic  response  in  the  mayflies, 
chironomids  or  amphipods  in  any  of  the  test  sediments.  The  only  effect  noted  was  a  reduction  in 
oligochaete  egg  hatching  at  some  sites.  Therefore,  using  a  weight-of-evidence  approach,  the  majority  of 
the  test  organisms  indicated  there  was  no  adverse  effect  on  benthic  organisms  at  existing  concentrations 
of  the  COCs.  This  is  supported  by  literature  studies  that  found  benthic  invertebrates  to  be  relatively 
insensitive  to  the  effects  of  PCDD/Fs  and  dl-PCBs. 

Risks  to  fish  were  assessed  through  two  approaches:  consumption  of  food,  which  was  assessed  against 
consumption  benchmarks,  and;  comparison  of  predicted  and  measured  tissue  residues  that  could  result  in 
reduced  survival  of  eggs  and  embryos.  The  potential  risks  to  fish  were  assessed  through  comparison  with 
toxicity  reference  values  obtained  from  the  literature,  since  no  site-specific  assessment  of  toxicity  has 
been  undertaken  for  the  endpoints  of  concern.  The  endpoints  in  this  assessment  were  those  that  are  most 
commonly  associated  with  the  effects  of  PCDD/Fs  on  aquatic  biota,  and  in  fish  focused  on  survival  of 
eggs  and  embryos,  since  these  have  been  identified  as  the  most  sensitive  life  stages. 

The  assessment  of  potential  risks  to  adult  fish  was  assessed  against  the  benchmark  for  dietary  exposure. 
In  this  assessment,  the  only  benchmarks  available  were  those  developed  for  rainbow  trout,  which  as  noted 
earler,  are  known  to  be  sensitive  to  the  effects  of  PCCD/Fs  and  dl-PCBs.  The  assessment  noted  that  there 
were  exceedances  of  the  NOAEL  of  1.8  pg  TEQ/g  w.w.  in  food  (in  this  case  represented  by  mayfly 
tissues)  in  all  Areas,  and  indicated  that  concentrations  of  PCDD/Fs  and  dl-PCBs  in  food  sources  such  as 
mayflies  and  young  fish  from  the  Areas  could  present  potential  risks  to  some  sensitive  fish  species. 

The  assessment  of  potential  risks  to  developing  eggs  and  embryos  indicated  that  concentrations  in  fish 
tissues  were  well  below  levels  that  could  result  in  adverse  effects.  In  general,  higher  tissue  TEQs  were 
attributable  to  the  dl-PCBs  than  to  PCDD/Fs,  and  reflect  the  higher  concentrations  of  dl-PCBs  in  the 
sediments  in  all  of  the  Areas  considered.  Since  higher  tissue  residues  were  also  noted  in  young-of-the- 
year  fish  collected  from  upstream  reference  areas,  the  dl-PCBs  appear  to  result  from  broader  sources  in 
the  watershed.  In  comparison,  the  contribution  of  upstream  reference  areas  to  tissue  residues  of  PCDD/F 
in  YOY  yellow  perch  is  very  low. 

The  available  benchmarks  indicate  that  risks  to  fish  from  exposure  to  PCDD/Fs  and  dl-PCBs  are 

primarily  manifested  through  reproductive  effects  that  affect  the  survival  of  eggs  and  embryos.  These 

types  of  effects  can  influence  the  survival  of  local  populations  in  terms  of  recruitment  of  young,  and 

thereby  affect  the  long-term  survival  of  the  populations.  As  well,  some  studies  indicated  that  tissue 

residues  in  adult  fish  could  affect  their  survival,  growth  and  reproduction.  However,  since  these  effects 
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have  only  been  demonstrated  experimentally  in  rainbow  trout,  and  since  salmonids  in  general  appear  to  be 
more  sensitive  than  other  fish  species,  the  actual  effects  on  local  fish  species,  such  as  yellow  perch  and 
brown  bullhead  are  not  clear.  Therefore,  it  is  assumed,  based  on  the  available  scientific  literature  that 
salmonid  species  are  the  most  sensitive,  and  that  if  risks  to  these  species  are  low  or  negligible,  then  risks 
to  other  species  will  also  be  low  or  negligible. 

5.1.2       PAHs 

Exposure  of  benthic  organisms  to  PAH  compounds  in  the  sediments  has  been  assessed  through  studies 
conducted  by  Environment  Canada  (Milani  and  Grapentine  2007).  While  PAHs  were  not  measured  in 
sediments  as  part  of  this  study,  the  results  of  previous  sampling  by  MOE  are  assumed  to  represent 
sediment  PAH  concentrations  within  the  defined  Areas  of  the  river. 

As  shown  in  Table  A-7,  concentrations  of  total  PAH  in  Area  A  ranged  from  0.6  to  1 1.3  ug/g,  with  a  mean 
concentration  of  4.4  ug/g  d.w.  In  Area  B,  the  mean  concentration  of  PAHs  was  calculated  as  4.2  ug/g 
d.w.,  while  in  Area  C,  the  single  sample  point  inside  the  marina  yielded  a  concentration  of  6.6  ug/g  d.w. 
These  concentrations  are  marginally  above  the  LEL  of  4.0  ug/g  d.w.  As  well,  the  toxicity  tests  conducted 
by  Milani  and  Grapentine  (2007)  did  not  indicate  toxicity  to  mayflies,  chironomids,  or  amphipods  at  any 
of  the  test  sites.  The  only  effect  noted  at  any  sites  was  a  reduction  in  the  percentage  of  oligochaete  egg 
hatching  at  some  sites.  As  such,  there  is  no  indication  that  the  slight  exceedances  of  the  LEL  for  PAH 
compounds  has  resulted  in  measurable  effects  on  benthic  organisms. 

5.2         Terrestrial  Biota 

5.2.1      Dioxins  and  Furans  and  dioxin-like  PCBs 

The  risks  to  the  avian  receptors  due  to  PCDD/Fs  and  dl-PCBs  are  summarized  in  this  section  and  are 
calculated  as  the  sum  of  the  TEQs  for  each  group  of  compounds  to  provide  an  overall  assessment  of 
potential  risk.  Risks  to  avian  receptors  were  assessed  through  three  different  methods:  comparison  of 
predicted  tissue  residues  to  SSDs  calculated  by  the  EPA  for  effects  on  egg  hatching  and  survival; 
calculation  of  site-specific  TDIs  based  on  the  CCME  guidelines,  and;  calculation  of  predicted  daily  doses 
based  on  standard  exposure  equations  and  conservative  exposure  scenarios. 

Mallard 

Based  on  the  estimated  exposure  through  consumption  of  food,  calculated  as  the  estimated  daily  dose 
through  consumption  of  invertebrates,  there  were  negligible  risks  to  the  mallard  in  all  Areas.  Despite 
elevated  levels  of  dl-PCBs  in  mayflies,  the  low  TEQ  of  these  substances  relative  to  2,3,7,8-TCDD  has 
resulted  in  negligible  risk  to  the  mallard.  The  exposures,  as  noted  in  Section  4.1.2  have  been  calculated  on 
the  very  conservative  assumption  that  mallards  are  continually  present,  and  feed  exclusively  in  each  Area. 
When  risks  are  calculated  on  the  basis  of  the  normal  feeding  range,  assuming  that  this  range  is  centred 
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around  the  western  end  of  the  Bay  of  Quinte,  negligible  risks  are  also  predicted,  despite  higher  sediment 
concentrations  of  COCs. 

Predicted  exposures  were  generally  low  for  the  higher  chlorinated  PCDD/F  congeners,  and  reflects  the 
low  concentrations  of  these  substances  in  invertebrate  tissue,  relative  to  the  lower  chlorinated  congeners. 
All  three  assessment  methods  yielded  predictions  of  negligible  risk. 

The  exposure  of  mallards  to  the  COCs  was  generally  lower  than  for  the  other  avian  species,  and  likely 
reflects  the  relatively  lower  concentrations  of  the  COCs  in  invertebrate  tissues  as  compared  to  the 
concentrations  in  young  fish. 

Merganser 

Risks  to  the  merganser  were  based  on  the  assumption  that  the  birds  feed  exclusively  on  fish  from  each 
Area,  and  are  present  100%  of  the  time.  Given  the  normal  habitat  and  range  of  these  birds,  this  is  a  very 
conservative  assumption  and  will  over-estimate  their  exposure  to  local  sediment  sources  of  PCDD/Fs  and 
dl-PCBs. 

The  results  of  all  three  exposure  assessments  indicate  that  the  predicted  risks  to  mergansers,  and 
therefore,  other  fish-eating  waterfowl,  were  negligible.  Predicted  exposures  were  below  the  NOAEL 
concentrations  for  PCDD/Fs  and  dl-PCBs.  Since  conservative  assumptions  were  used  in  assessing 
exposure,  there  is  high  confidence  that  under  more  realistic  exposures  there  will  be  negligible  risks  to 
these  receptors 

Great  Blue  Heron 

As  noted  in  Section  3,  there  is  little  suitable  habitat  in  the  study  area  for  herons,  since  water  depths  are 
generally  too  deep,  and  shorelines  are  hardened.  Nonetheless,  in  order  to  ensure  that  a  conservative 
approach  has  been  followed,  the  heron  was  included  in  the  risk  assessment.  Since  nearby  areas  could 
provide  habitat  for  herons,  and  since  the  dispersion  of  PCDD/Fs  and  dl-PCBs  has  not  been  well 
delineated  in  the  sediments  of  the  western  end  of  the  Bay  of  Quinte,  it  is  possible  that  herons  could  be 
exposed  in  other  habitats  to  concentrations  similar  to  those  recorded  in  the  Trenton  area.  Under  these 
conservative  assumptions,  the  predicted  risks  to  herons  were  negligible  under  all  three  methods  of 
assessment.  Thus,  the  weight  of  evidence  suggests  that  risks  to  herons  or  similar  bird  species  are  likely  to 
be  negligible. 

Predicted  risks  to  the  Great  Blue  Heron  were  based  on  consumption  of  young  fish,  assuming  that  the 

herons  fed  exclusively  in  each  Area.  It  should  be  noted  that  the  predicted  exposure  in  Area  F  (western 

Bay  of  Quinte),  was  based  on  a  single  data  point  for  sediment  and  extrapolation  of  fish  tissue  residues 

from  young  fish  collected  at  the  mouth  of  the  Trent  River.  This  may  not  be  reflective  of  conditions  in  the 

western  Bay,  particularly  since  nearshore  conditions,  where  both  the  young  fish  and  herons  would  be 

expected  to  occur,  have  not  been  defined  and  are  merely  estimated  on  the  basis  of  conditions  in  the  open 

Ontario  Ministry  of  the  Environment  Page  71 

ERA  for  the  Trent  River  Mouth  Sediment  Depositional  Areas  May  2007 

Project  No.  07-7375  Dillon  Consulting  Limited 


waters  of  the  Bay.  Since  nearshore  areas  are  generally  more  dynamic,  deposition  of  fine-grained 
sediments  is  not  expected  to  occur  in  these  areas.  As  such,  there  is  low  potential  for  contaminated 
sediments  from  the  Trent  River  to  accumulate  in  shallow  areas  around  the  western  end  of  the  Bay. 

All  three  assessment  methods  indicated  that  risks  to  the  heron,  and  by  extension,  other  birds  with  similar 
habits,  are  expected  to  be  negligible.  The  conservative  assumptions  made  regarding  exposure  suggest  that 
there  is  high  confidence  in  the  prediction  of  negligible  risk. 

Double-crested  Cormorant 

Cormorants  are  wide-ranging  birds,  and  are  unlikely  to  be  resident  in  confined  habitats,  such  as  the  Areas 
considered  in  this  risk  assessment.  Their  exposure  was  assessed  using  standard  exposure  factors,  but 
under  conservative  assumptions.  The  birds  were  considered  to  feed  exclusively  within  each  Area,  and 
were  considered  to  be  confined  to  each  Area.  Under  these  conservative  assumptions,  the  exposures  were 
considered  to  be  negligible. 

Risks  to  cormorants  were  predicted  to  be  negligible  in  all  three  methods  of  assessment,  and  there  are  no 
expected  effects  on  cormorants  through  exposure  to  either  PCDD/Fs  of  dl-PCBs  in  any  of  the  Areas 
considered. 

Mink 

Risks  to  the  mink  were  based  on  the  predicted  daily  doses  of  dl-PCBs  and  PCDD/Fs,  assuming  that  the 
mink  inhabits  each  Area,  and  feeds  exclusively  in  each  Area  for  8  months  of  the  year.  As  noted  in  Section 
3,  there  is  no  suitable  mink  habitat  within  the  lower  Trent  River  where  the  river  flows  through  the  urban 
area  of  the  City  of  Trenton.  Finally,  the  assessment  was  conducted  using  the  very  low  daily  doses  for 
TEQ  developed  by  Tillitt  et  al.  (1996)  from  studies  using  mink,  which  was  lower  than  the  value  proposed 
by  Sample  et  al.  (1996)  based  on  exposure  of  the  rat  to  2,3,7,8-TCDD.  Risks  to  the  mink  based  on  the 
NOAEL  developed  by  Tillitt  et  al.  (1996)  were  considered  negligible.  When  exposures  are  compared  to 
the  population  LCio  of  452  pg  TEQ/kg-bw/day  developed  by  Bursian  et  al.  (2006)  for  mink  exposed  to 
PCBs  as  PCDD  equivalents,  the  risk  to  populations  was  also  considered  negligible. 

The  assessment  of  potential  risks  to  mink  in  Area  F  is  based  on  the  assumption  that  the  single  sediment 
sample  in  the  Bay  collected  by  Environment  Canada  in  2006  represents  general  conditions  within  the 
Bay.  As  noted  earlier,  nearshore  areas,  where  mink  would  be  most  likely  to  feed,  are  generally  dynamic 
environments,  where  wave  action  prevents  the  settling  of  fine-grained  sediments.  Fine-grained  sediments 
are  also  those  most  likely  to  carry  a  contaminant  load,  due  to  complexation  of  the  COCs  with  particulate 
organic  matter.  Therefore,  this  may  be  a  very  conservative  assumption  that  could  be  verified  through 
additional  sediment  sampling  in  the  western  Bay  in  general,  and  in  particular,  in  nearshore  areas,  such  as 
near  the  mouth  of  the  Trent  River. 
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5.2.2      PAHs 

Risks  to  avian  and  mammalian  receptors  from  PAHs  in  the  sediments  were  not  assessed,  since  fish  tissue 
residues  data  for  these  compounds  are  lacking.  As  well,  since  most  vertebrates,  including  fish,  are  able  to 
metabolize  PAH  compounds,  they  are  not  considered  to  be  bioaccumulative  or  to  biomagnify.  Therefore, 
since  fish  will  generally  not  accumulate  parent  compounds  in  tissues,  there  is  low  potential  for  exposure 
of  avian  or  mammalian  fish-eating  species  to  PAHs. 

5.3        Risk  Characterization 

Since  the  potential  exposures  of  the  aquatic  and  terrestrial  receptors  were  based  on  comparison  of  the 
upper  95%  confidence  limits  around  the  mean  for  sediment  and  tissue  residues  with  NOAEL 
concentrations,  and  assumed  that  the  receptors  would  be  present  and  feeding  in  each  Area  for  100%  of  the 
time,  the  risk  assessment  is  considered  to  be  highly  conservative.  The  lack  of  exceedances  of  the 
benchmarks  for  any  of  the  receptors,  and  the  lack  of  demonstrable  toxicity  to  benthic  organisms  in 
laboratory  tests  indicates  that  there  is  negligible  risk  to  biota  from  existing  concentrations  of  PCCD/Fs 
and  dl-PCBs  in  surficial  sediments  in  the  lower  Trent  River. 

The  low  risks  predicted  for  fish-eating  birds  and  mammals  is  primarily  a  result  of  the  low  availability  of 
the  higher  chlorinated  PCCD/Fs  from  the  sediments.  Benthic  organisms  and  fish  accumulated  low  levels 
of  the  hepta-  and  octa-chlorinated  congeners,  which  were  those  substance  most  associated  with  the 
sources  in  the  lower  Trent  River,  and  were  also  those  that  showed  the  greatest  increase  in  sediment 
concentrations  in  Areas  downstream  of  the  suspected  sources.  As  a  result,  actual  exposure  of  benthos  and 
fish  to  these  substances,  as  denoted  by  their  tissue  residues,  was  relatively  low.  Fish-eating  birds  and 
mammals  would  only  be  exposed  to  the  COCs  through  their  food,  and  the  potential  risks  to  these  species 
would  be  due  to  only  those  substances  that  accumulated  in  benthos  and  fish.  Since  only  the  lower 
chlorinated  PCCD/Fs  accumulated  in  benthos  and  fish,  the  exposure  of  receptors  at  higher  trophic  levels 
was  restricted  to  these  substances.  The  concentrations  of  these  substances  in  both  sediments  and  biota 
(benthos  and  fish)  were  generally  low,  with  the  result  that  predicted  effects  on  fish-eating  birds  and 
mammals  was  also  low. 

The  low  accumulation  of  the  higher-chlorinated  PCDD/Fs  is  attributed  to  the  binding  efficiency  of  these 
substances  to  sediment  organic  matter  (as  denoted  by  the  high  logKow  of  these  congeners),  and  the  high 
TOC  in  the  sediments  in  the  depositional  areas.  This  is  suspected  as  the  major  factor  in  the  low  intestinal 
uptake  of  these  substances  in  both  benthos  and  fish.  As  well,  there  is  evidence  to  suggest  that  the  large 
molecular  size  of  these  compounds  impedes  their  passage  through  the  gut  wall,  thereby  further  limiting 
uptake  of  these  compounds. 

The  prediction  of  effects  to  biota  assuming  surficial  sediments  are  eroded  through  a  catastrophic  event 

was  considered  through  assessment  of  exposure  to  the  highest  subsurface  sediment  concentrations  of 

PCDD/Fs.  The  results  indicated  that  there  would  be  a  slight  increase  in  tissue  residues  in  aquatic  and 

terrestrial  biota,  but  that  these  did  not  translate  into  potential  risks,  which  remained  well  below  threshold 
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levels.  Again,  this  was  due  to  the  low  accumulation  of  the  higher  chlorinated  congeners  in  benthos  and 
fish.  Therefore,  despite  much  higher  concentrations  of  the  higher  chlorinated  congeners  in  the  deeper 
sediment  layers,  the  low  availability  of  these  substances  to  biota  would  limit  the  potential  risks  to  both 
aquatic  and  terrestrial  biota. 

5.4  Summary 

Potential  risks  to  aquatic  and  terrestrial  receptors  were  assessed  through  direct  assessment  of  toxicity  to 
benthic  organisms,  and  the  prediction  of  effects  on  fish  and  terrestrial  biota  through  comparison  of  tissue 
residues  in  prey  items  to  existing  benchmarks  for  consumption. 

For  each  of  the  receptor  groups,  a  number  of  benchmarks  were  selected  to  provide  a  weight-of-evidence 
approach  to  the  assessment  of  effects.  This  was  based  on  the  assumption  that  if  a  number  of  independent 
assessments  yielded  the  same  outcome,  then  there  would  be  reasonable  confidence  in  the  assessment 
results. 

The  assessments  for  fish,  birds  and  mammals  indicated  that  potential  risks  due  to  PCDD/Fs  and  dl-PCBs 
were  low  or  negligible  in  all  receptors  considered.  While  there  were  exceedances  of  RQs  for  some 
receptors,  particularly  for  some  fish  species  through  dietary  exposure,  the  other  assessment  methods 
indicated  that  risks  were  negligible. 

5.5  Uncertainties 

Risk  assessment  involves  the  prediction  of  effects  on  biota  using  measured  inputs  and  modeled 
accumulation  or  exposures.  Since  it  is  often  impractical  and  sometimes  undesirable  to  measure  exposures 
in  all  receptors,  the  process  typically  relies  heavily  on  modeled  exposures  for  organisms  at  higher  trophic 
levels.  However,  all  models  are  simplifications  of  natural  systems  or  processes,  and  therefore,  rely  heavily 
on  a  number  of  assumptions.  These,  in  turn,  create  uncertainties  in  the  outcomes.  Since  the  intent  of  risk 
assessments  is  to  predict  effects  in  order  to  take  preventative  or  corrective  action,  the  assumptions 
typically  err  on  the  side  of  caution.  As  a  result,  most  risk  assessments  will  over-predict  the  likely 
occurrence  of  adverse  effects.  A  similar  approach  has  been  adopted  in  the  conduct  of  this  risk  assessment. 

In  conducting  risk  assessments,  there  are  typically  numerous  sources  of  uncertainty  that  can  affect  the 
final  risk  estimates.  Since  many  of  the  assumptions  and  uncertainties  cannot  be  readily  quantified,  the  risk 
assessment  is  typically  conducted  to  conservative  estimates.  The  assumptions  and  conservative  biases  in 
conducting  the  risk  assessment  are  described  below. 

•      The  assessment  of  benthos  is  based  on  the  results  of  laboratory  tests,  using  laboratory  cultured 

organisms  on  field-collected  sediments.  Since  the  complexation  of  PCDD/Fs  and  dl-PCBs  with 

sediment  particles  is  not  redox  sensitive,  it  is  anticipated  that  the  collection  and  preparation  of 

sediment  for  laboratory  bioassay  testing  will  have  negligible  impact  on  the  availability  of  these 

substances  from  sediments.  There  is  also  good  concordance  between  laboratory  and  field-tested 
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• 


sediments  in  the  available  scientific  literature.  Therefore,  there  is  reasonable  confidence  that  the 
laboratory  uptake  by  mayflies  in  the  Environment  Canada  2006  tests  represent  potential 
accumulation  in  natural  conditions. 

The  toxicity  benchmarks  used  for  assessing  potential  effects  on  fish  species  are  typically  based  on 
salmonids,  which  a  number  of  studies  have  shown  to  be  more  sensitive  to  the  effects  of  PCDD/Fs 
than  other  species.  As  such,  these  benchmarks  may  be  over-protective  of  the  species  actually 
present  in  the  lower  Trent  River  and  adjacent  Bay  of  Quinte  that  may  be  less  sensitive  to  the 
effects  of  PCDD/Fs  and  dl-PCBs. 

The  exposure  of  young-of-the-year  yellow  perch  is  based  on  the  assumption  that  physical  features 
of  the  lower  Trent  River,  in  particular  the  strong  current,  will  effectively  restrict  young  fish  to  the 
quiescent  areas  along  the  shore,  and  that  the  exposures  of  these  fish  are  therefore  determined  by 
sediment  concentrations  within  each  of  the  Areas.  Given  the  flow  conditions  in  the  lower  river, 
this  is  considered  a  reasonable  assumption. 

Predictive  modeling  of  fish  accumulation  of  PCDD/F  is  hampered  by  a  lack  of  assimilation  and 
elimination  data  for  congeners  other  than  2,3,7,8-TCDD,  and  for  fish  other  than  rainbow  trout. 
Conservative  assumptions  have  therefore  been  made,  but  the  results  of  the  modeling  should  be 
considered  as  indicative  of  general  trends  and  not  measures  of  accumulation. 

Avian  and  mammalian  receptors  are  assumed  to  feed  entirely  within  each  of  the  defined  Areas. 
Given  that  the  ranges  of  most  of  these  species  are  larger  than  any  one  Area,  with  the  exception  of 
Area  F,  this  is  a  conservative  assumption  that  will  likely  over-estimate  the  contribution  from  any 
one  Area. 

•  Area  F  is  characterized  on  the  basis  of  a  single  sediment  sample  collected  by  Environment 
Canada  in  2006  at  a  location  in  the  middle  of  the  western  end  of  the  Bay  of  Quinte  (Station  2036 
was  not  considered,  since  the  sediment  type  at  this  station  was  different  from  the  other  Areas). 
The  characterization  of  the  western  Bay  of  Quinte  by  this  location  likely  over-estimates  the 
accumulation  of  PCDD/Fs  and  dl-PCBs  in  nearshore  areas.  The  suspended  matter  from  the  Trent 
River  likely  collects  in  the  deeper  waters  of  the  Bay,  with  little  dispersion  to  nearshore  areas.  As 
well,  nearshore  areas  are  usually  highly  dynamic  due  to  wide-wave  action,  and  accumulation  of 
fine-grained  particles  would  be  limited  in  these  areas.  A  more  realistic  prediction  of  exposures  in 
this  Area  could  be  determined  through  additional  sediment  samples  in  the  nearshore  areas,  where 
both  young  fish,  and  the  avian  and  mammalian  predators  that  feed  on  them  would  be  expected  to 
congregate. 

•  Toxicity  data  for  snapping  turtles  was  not  available,  and  therefore  the  significance  of 
accumulation  of  PCDD/Fs  and  dl-PCBs  in  snapping  turtle  eggs  could  not  be  assessed.  The  effects 
of  the  COCs  on  this  species  are  therefore  unknown. 
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6.0        CONCLUSIONS 

1.  Sediment  deposition  in  the  lower  Trent  River  is  confined  to  protected  areas  along  the  margins  of 
the  river  where  river  currents  are  reduced.  The  main  river  channel  is  scoured,  with  no  sediment 
deposition  in  these  areas. 

2.  Elevated  levels  of  PCDD/Fs,  dl-PCBs  and  PAHs  occur  in  sediments  in  the  lower  Trent  River. 
PCDD/Fs  and  PAHs  appear  to  originate  from  specific  sources  in  the  lower  Trent  River,  while  dl- 
PCBs  appear  to  originate  from  upstream  areas. 

3.  Sediment  PCDD/Fs  showed  little  variation  in  concentrations  of  the  lower  chlorinated  congeners 
(tetra  and  penta-chlorinated  forms  were  approximately  2-times  higher  at  downstream  locations). 
The  local  sources  do  not  appear  to  be  a  significant  source  of  these  congeners,  since  concentrations 
in  sediments  downstream  of  the  local  sources  were  similar  to  concentrations  in  sediments 
upstream. 

4.  Substantial  increases  in  sediment  concentrations  were  noted  in  the  higher  chlorinated  congeners 
(hepta-  and  octa-  chlorinated  forms  increase  by  more  than  100-times  at  some  locations). 
Concentrations  of  the  higher  chlorinated  PCDD/Fs  also  increased  with  depth  in  the  sediment, 
indicating  that  there  has  been  prolonged  release  of  these  substances.  High  concentrations  of  these 
congeners  were  also  noted  in  sediments  collected  on-site  at  Domtar,  and  in  sediment  collected 
from  behind  the  silt  curtains  immediately  downstream  of  the  site. 

5.  Benthos  and  young  fish  tissue  analysis  indicated  that  the  lower  chlorinated  congeners  were  being 
accumulated  in  tissue,  but  that  there  was  little  accumulation  of  the  higher  chlorinated  congeners, 
despite  the  high  concentrations  in  sediment.  Benthos  and  young  fish  were  also  accumulating  dl- 
PCBs.  The  low  tissue  residues  of  these  congeners  are  likely  due  to  the  low  bioavailability  from 
the  sediments. 

6.  Water  samples  and  caged  mussel  tissue  residues  indicated  that  concentrations  of  PCDD/Fs  and 
dl-PCBs  were  low  in  the  water  column,  but  that  detectable  levels  of  the  higher  chlorinated 
PCDD/F  congeners  were  present  in  unfiltered  water  samples.  Accumulation  of  PCDD/Fs  by 
caged  mussels  during  the  three-week  exposure  is  likely  due  to  suspended  materials  transported  by 
the  river. 

7.  Elevated  levels  of  PCDD/Fs  and  PAHs  were  determined  in  sediments  collected  behind  silt 
curtains  below  the  Domtar  site.  Toxicity  to  laboratory  test  organisms  was  noted  in  some  of  these 
samples  and  could  be  due  to  either  of  these  substances.  As  such,  the  Domtar  site  is  an  ongoing 
source  of  PCDD/F  and  PAH  contamination  to  the  Trent  River  at  concentrations  potentially  toxic 
to  aquatic  life  in  the  immediate  vicinity  of  the  site. 
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8.  Environment  Canada  sediment  bioassay  testing  indicated  there  was  little  direct  toxicity  to  benthic 
organisms  in  deposited  sediments  in  the  lower  river  and  adjacent  Bay  of  Quinte.  Of  the  four 
species  tested,  only  the  oligochaetes  showed  a  negative  response  (as  reduced  egg  hatchability)  in 
some  sediments.  The  lack  of  toxicity  is  likely  due  to  the  lack  of  the  Ah  receptor  in  benthic 
organisms  through  which  the  toxic  effects  of  PCDD/Fs  occur  in  vertebrates. 

9.  Adult  sport  fish  had  elevated  levels  of  PCDD/Fs  and  dl-PCBs  at  all  three  sites  sampled  in  the  Bay 
of  Quinte  (Trenton,  Belleville  and  Deseronto).  Yellow  perch  tissue  residues  of  PCDD/Fs  were 
higher  in  the  Trenton  area  than  at  the  other  two  sites  and  appear  to  be  related  to  specific  sources 
in  the  area. 

10.  Concentrations  of  PCDD/Fs  and  dl-PCBs  in  benthos  and  young  fish  exceeded  the  NOAEL  of  1.8 
pg  TEQ/g  w.w.  for  dietary  intake  at  all  sites  in  the  lower  river.  The  results  suggest  there  is 
potential  for  risk  to  some  sensitive  fish  species  through  consumption  of  contaminated  food. 

11.  Risks  to  fish  from  PCDD/Fs  and  dl-PCB,  assessed  as  risks  to  eggs  and  embryos,  were  below 
threshold  levels  associated  with  developmental  impairment  or  lethality. 

12.  Fish  tissue  residue  data  indicates  that  risks  are  due  mainly  to  accumulation  of  the  lower 
chlorinated  congeners  that  were  present  at  relatively  low  levels  compared  to  the  higher 
chlorinated  congeners.  The  higher  chlorinated  congeners  accounted  for  only  a  minor  increase  in 
TEQ  in  the  more  contaminated  sediments,  due  to  low  bioavailability  from  the  sediments  and  the 
lower  TEF  of  these  congeners. 

13.  Risks  to  fish-eating  birds,  assessed  as  effects  on  egg  survival  and  development  were  below 
threshold  levels  that  could  result  in  developmental  impairment.  Risks  were  assessed  based  on 
conservative  assumptions  of  exposure.  Risks  were  low  mainly  due  to  the  low  accumulation  of 
PCDD/F  and  dl-PCB  congeners  in  prey  items  (fish  and  invertebrates),  the  low  availability  of  the 
higher  chlorinated  PCDD/F  congeners,  and  the  low  TEF  of  these  congeners. 

14.  Risks  to  fish-eating  mammals  were  below  threshold  levels  that  could  result  in  reproductive 
effects.  This  risk  assessment  was  based  on  conservative  assumptions  of  exposure. 

15.  Risks  to  biota  were  assessed  through  exposure  of  deeper,  more  contaminated  sediments  that 
assumed  that  these  areas  could  be  exposed  through  erosion  of  surficial  sediments.  Since  deeper 
sediments  were  higher  mainly  in  the  higher  chlorinated  congeners,  for  which  uptake  was  very  low 
in  benthos  and  fish,  the  risks  to  fish-eating  birds  and  mammals  was  also  low,  despite  the  higher 
sediment  concentrations  of  these  congeners. 

16.  Long  term  risks  to  resident  fish  species  through  continued  exposure  under  current  and  potentially 

higher  future  exposures  indicated  that  there  would  be  little  additional  risk  to  fish  species. 

Exposures  to  current  sediment  concentrations  of  PCDD/Fs  are  predicted  to  be  similar  to  those 
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calculated  for  each  of  the  sub-areas.  Elimination  of  PCDD/Fs  appears  to  occur  at  a  relatively 
rapid  rate  in  many  fish  species,  and  once  fish  leave  the  exposure  area,  tissue  residues  are  expected 
to  decrease. 
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7.0        RECOMMENDATIONS 

The  results  of  the  investigations  in  the  lower  Trent  River  indicate  that  potentially  toxic  substances 
(PCDD/Fs  and  PAHs,  both  of  which  are  listed  as  Tier  1  substances  under  CEP  A)  have  been  released  to 
the  river  in  the  past,  and  that  releases  to  the  river  are  currently  on-going.  Due  to  dispersion  by  strong  river 
flows,  these  substances  have  been  widely  distributed  in  the  sediments  of  the  lower  Trent  River  and  the 
adjacent  Bay  of  Quinte.  As  a  result,  biota  throughout  a  wide  area  and  at  many  different  trophic  levels  of 
the  western  Bay  of  Quinte  could  be  exposed  to  elevated  levels  of  these  substances.  Therefore,  actions 
would  be  warranted  are  needed  to  reduce  loadings  of  these  substances  to  the  river,  focusing  on  source 
control. 

The  available  data  also  indicate  that  the  full  extent  of  contaminant  distribution  in  the  western  Bay  of 
Quinte  has  not  been  delineated.  The  strong  river  flows,  and  the  few  areas  sampled  in  the  Bay  of  Quinte 
suggest  there  is  likely  to  be  broad  dispersion  of  these  substances  in  the  Bay.  Potential  risks  have  therefore 
been  assessed  on  very  limited  data,  and  additional  delineation  would  be  warranted  to  verify  the 
predictions  of  risk  to  biota. 

The  assessment  of  potential  impacts  from  substances  that  have  already  been  released  to  the  Trent  River 
and  Bay  of  Quinte  indicate  that  there  are  minor  risks  to  biota  from  existing  concentrations  in  the 
sediment,  due  mainly  to  the  low  bioavailability  of  these  substances  to  biota.  As  a  result,  there  is  no 
justification  for  removal  of  the  sediment  depositional  areas,  at  this  time.  The  immediate  priority  should  be 
placed  on  ongoing  source  control/reduction,  where  possible.  Should  sources  of  PCDD/F  contamination 
increase,  or  not  show  significant  reduction  in  the  future,  an  updated  ecological  risk  assessment  and/or  a 
sediment  remediation  assessment  should  be  considered. 
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8.0        LIMITATIONS 

Risk  assessments,  by  their  nature,  have  inherent  limitations  and  uncertainties.  It  is  believed  that  these 
uncertainties  have  been  addressed  through  the  conservative  interpretation  of  site-specific  data  and 
parameter  selection,  and  in  the  conservatism  inherent  in  existing  toxicity  information.  The  quantitative 
estimates  of  risk  provided  by  this  process  are  valid  only  for  the  assumptions  and  exposure  scenarios 
outlined  in  this  report.  However,  should  knowledge  of  the  site  conditions  or  toxicity  information  change, 
the  risk  posed  by  the  site  may  differ  from  that  presented  in  this  report. 

This  report  was  prepared  exclusively  for  the  purposes,  project,  and  site  location  outlined  in  the  report. 
The  report  is  based  on  information  provided  to  or  obtained  by  Dillon  as  indicated  in  the  report,  and 
applies  solely  to  site  conditions  existing  at  the  time  of  the  site  investigation.  Where  the  risk  assessment 
has  relied  on  information  provided  to  Dillon  by  the  other  parties,  Dillon  has,  within  the  scope  and 
expectations  of  the  risk  assessment  process,  reviewed  this  data  but  Dillon  does  not  warrant  the  accuracy, 
completeness  and  representativeness  of  this  information.  Dillon's  report  represents  a  reasonable  review  of 
available  information  within  an  established  work  scope,  work  schedule,  and  budget. 

DILLON  CONSULTING  LTD. 


ReiiyfaaguQjagi,  B. 

Senior  Risk  Assessment  Specialist  and 

Senior  Aquatic  Scientist 
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